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ABSTRACT

This study investigated two aspects of motivation: the use of

individual incentives to enhance learning of children and the effect of

different levels of task difficulty on the effectiveness of these

individualized incentives. It was also designed to provide evidence

relating to several theoretical approaches to the interaction of

incentive with task difficulty.

Fourth and fifth grade students worked arithmetic problems pre-

sented via computer terminals with the expectation that if they did well

they would receive a reward of high or low rated preference or no reward

at all. Four percentage ranges of difficulty were used with the

problems; students could be assigned to work any of 23 kinds of problems

graded in difficulty. The computer insured that performance was main-

tained within specified limits. Measures of persistence were time on

the task and the number of problems attempted.

Limited indications of the differential motivational value of

incentive preferences were found. The expected finding of the inter-

action was not supported; there appears to be no interaction between

incentive and task difficulty for the variables studied. No evidence

was found that would support the theories investigated.
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CHAPTER I

PROBLEM AND OBJECTIVES

Introduction and Problem

The motivation of students has been a major concern of profes-

sional personnel in all fields and levels of education. The question

of how to motivate students has been a perennial one. Although a great

deal of study has been devoted to the motivation of human behavior,

little of this research has had an impact on the motivation of students

in the classroom or in other educational settings, and very little

seems to be applicable. Cartwright (1970) clearly points to a need for

studying the motivational processes used by teachers. Although teachers

use some general motivational procedures to establish incentive, main-

tain interest and reinforce learning behaviors,these procedures are

usually applied indiscriminately. Furthermore, the most often used

reward is praise or adult approval, but there is little evidence that

this is an effective reinforcer for all children. Research (as well as

common sense) has indicated that there is considerable variability among

children a'. to preference for rewards (see Cartwright, 1970, p. 152).

An educational process such as computer assisted instruction

(CAI) can provide a controlled environment for the study of the

effect of many motivational mechanisms on a variety of educational

processes. This environment can be made more "classroom-like" than most

laboratories, permitting investigations to be conducted in a realistic
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educational setting. Thus, the results of such studies should have

applicability to educational processes other than CAI, including class-

room teaching.

At present, it has been found that work with the computer may

in itself be motivating for most students (Mitzel, Hall, Suydam,

Jansi:on, and Igo, 1971). However, there are some students who may need

ar added incentive for learning or for performing. Some evidence of

this need has already emerged from two studies connected with a long-

range evaluation of a mathematics curriculum that makes extensive use

of CAI. Algebra and general mathematics students were taught predomi-

nantly by CAI in two Pennsylvania secondary schools. An evaluation of

the effectiveness of CAI (Mitzel, et. al., 1971) found a decrease in

favorable attitude toward CAI throughout the year in all classes and an

initial increase in favorable attitude toward mathematics followed by a

decrease near the end of the year. The attitude toward mathematics of a

cohort non-CAI group, although typically lower than that of the CAI

group, showed a small but consistent gain throughout the year. The CAI

classes were also subject to high absence rates in one school which may

have resulted in lower mastery levels than might have resulted from a

lower absence rate. It may be speculated that learning and motivation

might have been affected by the attituL:'Is toward CAI and mathematics

such that consistently improving attitudes might have led to better

learning than that obtained (which, in fact, was typically better than

than of the cohort group on measures related to the objectives of the

CAI course). Confer (1971) found that the holding power of CAI was not
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any greater than than for conventional instruction; several students

taking a remedial summer course in mathematics via CAI dropped out of

the course.

Research on the use of contingency management for students with

learning or behavior problems has indicated that specific incentives

(candy, free play time, etc.) can be highly effective in producing

desirable behaviors in children (e.g., Ulrich, Louisell, and Wolfe,

1971; O'Leary and Drabman, 1971). However, the administration of these

rewards requires the attention of a teacher or aid. The computer could

keep the student informed of his progress toward attaining an incentive

and, upon request, provide the teacher with a listing of the rewards

due each student.

Cartwright (1970) has found some evidence that task performance

by elementary school children is related to their preference for the

reward they receive upon completion of the task. Hunt (1961, 1965,

1971) has proposed that the magnitude of motivation required for optimum

learning or performance depends upon the difficulty of the learning

task. Furthermore, an interaction between the difficulty of the task

and the strength of motivational variables has been found by several

investigators (Yerkes and Dodson, 1908; Spence, 1958; Broadhurst, 1959;

Atkinson and Litwin, 1960; O'Neil, Speilberger and Hansen, 1969).

Unfortunately, precision has been lacking in the specification of the

difficulty of a task, a precision that can be gained through the appli-

cation of computer control. As a result of studies of these variables,

several theories and approaches have been developed that are concerned
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with the interaction of motivation with task difficulty. However,

these approaches result in conflicting predictions for the effect of the

interaction variables upon task performance.

Individualized adjustment of task difficulty can be only roughly

accomplished by researchers and classroom teachers. A computer could be

of aid in that it could be used to establish and maintain levels of task

difficulty. Furthermore the increasing use of computer assisted

instruction in school classrooms makes the future control of drill-and-

practice and tutorial learning task difficulty not only possible but

perhaps desirable. A computer in the classroom would be able to monitor

the performance of each student and also keep a record of rewards.

Clearly, if educational practitioners are to make effective use of the

computer, more needs to be known about the impact of different levels of

subject matter difficulty on students and about its relationship to

motivational variables.

If computer assisted instruction is to become a truly viable

educational tool, research is needed to determine the optimum program

and environmental characteristics for learning. Two of these charac-

teristics have been identified, motivation (which is central to all

learning) and task difficulty. The study of the interaction between

these two variables has major theoretical implications and also provides

a powerful means of evaluating the effects of the variables individually

as well as the effect of one upon the other.

The selection of the specific variables for study was based upon

the educational significance and generalizability of the variables,

applicability to all competing theoretical formulations, and ease of

manipulation. These criteria led to the use in this study of incentive

:16
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as the motivational variable, several kinds of arithmetic problems as

the task variable, and two different measures of persistence as the

dependent variable. The theories and criteria will be treated in de-

tail in the next chapter.

Specifically, two problems were considered. The first was the

evaluation of competing theories of the motivation by task difficulty

interaction by using independent variables that afford a common

denominator for all the theories, e.g., variables that are not a part

of the theoretical formulations. The second problem was delineating the

effects of manipulating various categories of rewards on the performance

of elementary school children and evaluating the effects of different

levels of task difficulty in mathematics drill and practice administered

by computer assisted instruction.

Several outcomes were anticipated for this research.

1. It will provide evidence relevant to several theories

concerning the interaction of task difficulty with preference for reward

with respect to persistence of problem solving behavior

2. It would provide further information on the effectiveness of

measuring the preference for incentive through the medium of computer

assisted instruction.

3. It would evaluate the effectiveness of individualizing

rewards for elementary school children.

If differences were found in the motivational value of incen-

tives and in performance at different levels of task difficulty, then

the project would also:

17
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4. Provide a basis for developing individualized incentive

contingencies for students learning via computer assisted instruction,

and

5. Provide information concerning the specification of optimum

individualized levels of difficulty for drill and practice tasks.

Terminology

Many of the terms used in this report, such as motivation,

drive, reinforcement, incentive, reward, and difficulty have been

defined in different ways. The usage by the acknowledged authors is

assumed for the review of the literature. A definition of terms is

provided in Appendix A as well as a list of abbreviations used.
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CHAPTER II

RELATED RESEARCH

The Yerkes-Dodson Law and two theories of motivation have gen-

erated a great deal of research into the interaction of motivation with

task difficulty. A third theory, that of Hunt, appears not to have

been tested with elementary school-aged children. The present research

may be the first to incorporate into the design a test of Hunt's hypo-

theses of intrinsic motivation.

This review will be concerned initially with the theories and

research concerning the interaction of motivational variables with task

difficulty. The last section will deal with research relevant to the

variables of specific interest in this study.

Studies of the Interaction of
Motivation with Task Difficulty

Yerkes-Dodson Law. In a 1903 paper, Yerkes and Dodson reported

evidence of a curvilinear relationship between strength of motivation

and learning in mice. This relationship was in the form of an inverted

U-shaped curve, which indicated that maximum learning performance oc-

curred at some motivational level intermediate between the minimum and

maximum levels applied. (Hebb [1955] has postulated a similar curve

describing the relationship between the level of cortical arousal and

the level of cue function in which there is an optimal level of arousal

for effective behavior.) In addition, Yerkes and Dodson noted an

interaction between motivation and task difficulty in which motivation

for a learning task decreased with an increase in task difficulty. For



a more difficult task, the optimum learning occurred at a lower shock

intensity than for a less difficult task. This interaction has been

called the Yerkes-Dodson Law by Broadhurst (1959) and others. The

obtained relationships are shown in Figure 1.

Few

Many

Task

Easy

Moderate

Difficult

Low High

Motivation (Intensity of Aversive Stimulus)

8

Fig. 1. Typical relationship found between motivation and task
difficulty due to the Yerkes-Dodson Law. Based on Broadhurst (1959),
p. 322.

The most consistently reliable indications of a curvilinear

interaction between motivation and task difficulty are found in studies

with animals in support of the Yerkes-Dodson Law. In their original

study, Yerkes and Dodson (1908) used food reward for correct choices by

mice and shock for incorrect ones in a brightness discrimination task.

With a simple discrimination, faster learning occurred with increases

in shock level until an optimum intensity was reached, then at shock

levels above this optimum slower learning occurred (Figure 1). This

curvilinear relationship has been repeatedly verified. However, with
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the addition of a task difficulty variable, discrimination difficulty,

it was found that the optimum shock intensity was found at lower levels

for more difficult discriminations.

It should be observed that the Yerkes-Dodson Law refers to an

interaction of motivation with task difficulty and assumes a curvilin-

ear relationship between motivation and performance. Thus, evidence

of the curvilinear relationship and the interaction is necessary for

support of the law.

Direct evidence supporting the Yerkes-Dodson Law has been pro-

vided by Dodson (1915), Cole (1911), Broadhurst (1959), and Hammes

(1956). All evidence that has bearing on the theory is listed in

Table 1. Dodson (1915) used kittens in a brightness discrimination

task with shock for wrong responses. Cole (1911) used electric shock

as a negative reinforcer and access to a warmed chamber for reward of

chicks in a similar kind of problem. Hammes (1956) used three levels

of shock and two levels of discrimination difficulty (black and white

areas) with rats. More recently, Broadhurst (1959) used rats in an

underwater brightness discrimination task. Motivation was provided by

depriving the rats Jf air (keeping them submerged for various periods

of time before release into the apparatus). His results were quite

similar to those of Yerkes and Dodson; data analysis produced signif-

icant main effects and a significant difficulty by motivation inter-

action. Broadhurst discussed the application of the Yerkes-Dodson Law

to human psychology, with particular reference to the drive properties

of anxiety and to abnormal psychology.
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A recent test of the Yerkes- Dodson Law using hunger motivation

of pigeons failed to confirm the findings of studies using aversive

motivation. Fantino, Kasdon, and Stringer (1970) used a detour prob-

lem with three degrees of dificulty. A cup of food was placed behind

a wire screen. Three levels of motivation were provided through food

deprivation. Significant differences were found for the main effects

of difficulty arid deprivation level, but the slope of each difficulty

level was linear and monotonic.

Several studies have been done with human subjects that have

bearinq upon the Yerkes-Dodson Law. The studies by Eysenck and his

co-workers (Eysenck, 1964) are noteworthy for their operational control

over the motivation variable. They were able to perform a series of

experiments in an industrial setting. Their high-drive group consis-

ted of candidates taking tests for a limited number of positions in a

highly desirable apprentice training school. The tasks were admin-

istered as part of the entrance test battery. The low-drive group

consisted of students already attending the school; the task was

represented as an experiment with no reflection upon their standing

in school. Evidence of a signicicant difference in drive was obtained

through psychogalvanometric evaluation.

As a result of an analysis of a series of studies of different

degrees of complexity, Eysenck (1964) pointed to evidence of a curvi-

linear relationship between drive and performance. In one study

(Eysenck and Warwick, 1964) a mirror drawing task of easy to moderate

difficulty resulted in superiority of the high drive subjects on the

time and accuracy of the response. Willett (1964a) found no difference

in the total number of responses by high and low drive subjects on a
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self-paced five choice serial reaction task of moderate complexity but

found reliable differences between the groups on mean correct respon-

ses (low drive groups superior), and mean error responses (high drive

group made more than the low drive group). However, the magnitude of

the differences was small. On an externally oaced multiple choice

reaction task of high complexity (Eysenck and Gillan, 1964), the low

drive subjects performed significantly better than high drive subjects.

these studies appear to provide support for the Yerkes-Dodson Law in

tht,t the predicted curvilinear relationship between motivation and

performance and the motivation--task difficulty interaction are indi-

cated.

Willett (1964b) obtained contrary evidence with a paired-

associate learning task using two lists of differehc difficulty. For

both lists, the high drive subjects responded significantly faster

than the low drive subjects. No interacticr was found between drive

and list cifficulty.

Three studies of the motivation-by-task difficulty interaction

have used incentives that might be acceptable in schools, although the

results are mixed. Stennett (1957) used Four levels of incentive,

consisting of encouragement and money, with a visual tracking test.

He measured EMG gradients to provide an indication of arousal and

found that incentives of increasing value increased the steepness of

the gradients. This was held by to be a demonstration of a curvi-

linear relationship between motivation and task performance. The most

efficient tracking was found to be associated with an intermediate

slope of the EMG gradients, which provides some support for the Yerkes-

Dodson Law.

27
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Wickens (1942) reported a study employing four levels of

difficulty of arithmetic tasks in competitive or isolated conditions.

Apparently a curvilinear function and an interaction was obtained

because competition did not increase Performance to the same extent at

all levels of difficulty and was less effective for the more difficult

problems.

Fang (1966) failed to obtain the expected interaction in a

rather complex experiment. He used concept formation tasks with three

levels of complexity, three levels of incentive ($1.00 in money,

certificate of merit or no incentive) and two other variables. No

statistical difference was found between incentive groups. Both this

failure to obtain a difference between incentives and the lack of the

anticipated interaction were explained in terms of insufficient length

of the experimental session and an intrinsic interest in the task

itself.

A series of studies by Spence, Taylor, and their associates

(Spence, 1958) with eyeblink conditioning provided further evidence of

a curvilinear relationship between motivation and performance. Level

of anxiety, measured by the Manifest Anxiety Scale, and air puff

intensity were the independent variables. A control group, comprised

of randomly selected subjects to randomize anxiety level, was used for

comparison. The positive, negatively accelerated curve partially

supported the Yerkes-Dodson Law, but the,lack of an interaction failed

to support the primary part of the Law.

Generalization of predictions from the Yerkes-Dodson Law to

human behavior is indicated by several studies, although a sufficient

number of levels of the motivation variable have not usually been used
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with humans. This weakness in confirming studies, as well as the

existance of studies failing to support the Law, indicate that its

application to human learning needs extensive further study.

Su" Sulry of Research with the

Yerkes-D-Eson Law

A summary of the studies cited above was provided in Table 1.

The most clearcut and consistent support for the Yerkes-Dodson Law

has come from aversive motivation of small animals. The one study

using alimentary motivation failed to support the Law. Studies with

human subjects by Eysenck and his associates have provided some evi-

dence of the curvilinear relationship between motivation and perfor-

mance predicted by the Law and tentative evidence of the predicted

interaction of motivation with task difficulty. Eysenck (1964)

applied the Law as an explanation of the findings from his laboratory.

An incompletely reported study by Wickens (1942) also indicated sup-

port for the Law, but a study by Fang (1966) failed to find support.

Thus, although results are mixed, there seems to be enough evidence

to indicate that the Yerkes-Dodson Law should be considered in any

study of the interaction between motivation and task difficulty.

Spence-Taylor Drive Theory

Anxiety has been a basis for a large proportion of research

into the motivation by task difficulty interaction. Generally the

Test Anxiety Questionnaire (TAQ) or Manifest Anxiety Scale (MAS) have

provided the basis for partitioning the subjects. Several theories

have been developed which generally predict that on easy tasks, sub-

jects with high anxiety will perform better than subjects with low

4'40
6.+41a
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anxiety, but the opposite will be true for difficult or complex tasks

(e.g., Taylor, 1956; Child, 1954; Spence, 1958). The dominant theory

that predicts this interaction has been that of Spence and Taylor.

Table 2 presents a brief description of several studies bearing on

this theory. The Spence-Taylor Drive Theory essentially was based on

Hull's (1952) multiplicative function of stimulus intensity and drive.

It was theorized that drive is a function of the strength of the

emotional response made by an organism to noxious stimulation. The

fundamental theory viewed response frequency as a positive monotonic

function of excitatory potential (Spence, 1958). Anxiety, as measured

by the Manifest Anxiety Sale, was defined as a drive for the purposes

of evaluating the theory.

For simple classical conditioning studies the theory worked

very well. A number of confirming studies have been conducted; per-

formance by subjects high in measured anxiety is typically superior

to those with low measured anxiety (cf. Spence, 1958).

The Spence-Taylor theory was applied to complex learning sit-

uations through the effect of drive on competing response hierarchies.

Overt performance on any complex task was a consequence of complex

interactions and competitions among correct and incorrect response

tendencies (Brown, 1961).

Spence (1958) summarized the predictions of the theory for

complex behavior: 1) if the habit strength of the correct response

is greater than that of competing incorrect responses, increased drive

level will produce a higher initial proportion of correct responses,

shorter learning time, and fewer total errors. 2) if the habit

strength of an incorrect response is greater than that of the correct

:20
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response, an increase in drive level will result in poorer performance

initially, but eventually the habit strength of the correct response

will dominate and, from that point, the proportion of correct responses

should be higher for the high drive group. It should be noted that the

theory states that "eventually" the habit strength of the correct re-

sponse will dominate; in most studies, this point is not reached. In

effect, the theory predi-As a crossover (disordinal) interaction

between drive level and task difficulty (it iF assumed that for tasks

of high difficulty the habit strength of incorrect responses is typi-

cally higher than that of the correct response). For easy tasks an

increase in drive will yield an increase in performance; the reverse

will occur for difficult tasks.

A recent reinterpretation of the findings from studies of test

anxiety has been made by Wine (1971). Wine suggested that the critical

variable is the division of attention paid to self-relevant and task

relevant variables. The adverse effects of high test anxiety are due

to a division of attention between the variables whereas subjects with

low test anxiety focus their attention more fully on the task. The

predicticns from this proposal seem to be the same as those from the

Spence-Taylor theory.

The Spence-Taylor Drive Theory has led to a moderate number of

studies of the interaction between motivation and task difficulty.

Spence (1956) reported several studies that support the theory. Paired

associate learning tasks of different levels of difficulty (based on

degree of response competition) were crossed with two levels of anxi-

ety, measured by the Manifest Anxiety Scale (MAS). The typical

finding was that for easy lists subjects with high measured anxiety
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had a higher proportion of correct responses than those with low

measured anxiety. These results were reversed for difficult tasks.

Palermo, Castaneda, and McCandless (1956) found that subjects

with a high level of anxiety measured by a children's form of the MAS

made consistently more errors than those with a low level on a diffi-

cult association-learning task. Castaneda, Palermo, and McCandless

(1956) crossed association learning tasks of two levels of difficulty

with anxiety (children's form of the MAS) and found results similar

to those reported by Spence (1956).

Studies of the interaction between motivation and paired

associate learning list difficulty by Standish and Champion (1960)

and Willett (1964b) yielded conflicting results. Both used response

latency as a dependent measure. Standish and Champion partitioned

their drive groups on the basis of MAS results and obtained the inter-

action predicted by the Spence-Taylor Theory. Willett used the opera-

tionally different groups described above by Eysenck (1964): his high

drive group yielded lower response latencies than the low drive group

at both levels of difficulty.

Atkinson (1964) has pointed out that there is little evidence

that subjects with high anxiety perform better on easy tasks than

those with low measured anxiety, although the results seem to be mixed.

Feldman (1964a) has criticized the MAS (and paper and pencil measures

of anxiety in general) as intrinsically unsatisfactory for measuring

drive level. He pointed out that correlations between the MAS and

clinically anxious and non-anxious patients were unsatisfactory and

agreed with Lawrence (1958) that "...direct manipulation of drive

45
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seems more appropriate than the indirect selection of subjects by

paper and pencil test" (p. 166). Travers (1963) found no relationship

between the MAS and empirically determined anxiety.

Some researchers have attempted to exert better control over

anxiety. For example, O'Neil, Spielberger, and Hansen (1969) but-

tressed their argument for a difference in anxiety, measured by the

State-Trait Anxiety Inventory, by obtaining systolic blood pressure

measurements that confirmed a difference in excitement. Using the

number of errors on mathematics problems as a dependent variable, they

obtained the predicted disordinal interaction at an acceptable level

of significance. Spielberger (1970) replicated the study with the

same results. Hall (1970), on the other hand, attempted to create

stress (anxiety) by instructions. The State-Trait Anxiety Inventory

was administered during the experiment to obtain information concerning

the level of induced anxiety. Programmed instructional materiais, one

with a normal error rate (.05) and one with a very high error rate

(.54), were used. The author thought that the results of this study

were not significant primarily because the motivational manipulations

failed to produce an adequate difference in anxiety between the groups.

DeBonis (1967) used two levels of instructions and two levels

of difficulty of a concept association task. She verified the initial

levels of homogeneity of anxiety in her four groups by testing with

the Manifest Anxiety Scale for Children, then she induced new levels

of anxiety with the instructions. Although her design was weak, the

predicted curves for a disordinal difficulty-by-motivation interaction

were obtained with number of errors as the dependent variable. How-
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ever, the F-ratio failed to reach significance. Her hypothesis was

based on the predictions of Taylor's theory and that of Yerkes and

Dodson.

The results of Eysenck (1964) and his associates, described

above, may be applicable to the Spence-Taylor Theory (see Table 1).

The set of three experiments with tasks of different difficulty re-

sulted in superiority of the high drive group over the low drive group

on the easy task and the reverse with a complex task. Although the

tasks and the dependent variables differed, the absolute magnitude of

difference between groups performing the easy and complex task was

greater than the magnitude of difference obtained from groups working

on a task of inordinate difficulty. These studies may be viewed as

providing support for the Spence-Taylor theory. However, another of

Eysenck's co-workers failed to obtain supporting data (Feldman, 1964b).

He used the two operationally defined drive groups described by Eysenck

above (applicants and employees) with a task consisting of cancelling

digits (two levels of difficulty). He found that the mean number of

correct responses favored the high drive Ss at both levels of diffi-

culty, but both drive groups made more errors at both levels. However,

it might be argued that the task did not give rise to competing re-

sponse hierarchies.

Summary of Spence Taylor Drive Theory Research. The Spence

Taylor Drive Theory has received reasonably consistent support from

studies using anxiety measured by the Manifest Anxiety Scale, as the

drive variable. The results of studies using other drive variables

have been mixed. With the questions of the
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validity of the MAS that have been raised it appears that the validity

of the theory has not been firmly established. However, the results

of the recent, well-conducted experiments by O'Neil, Spielberger and

Hansen (1969) and Spielberger (1970) indicate that the theory is still

deserving of recognition.

Although the Yerkes-Dodsun Law and Spence-Taylor Theory seem

quite different and stem from different approaches to learning, there

are some essential similarities. The motivations fundamental to both

are essentially negative in that there is an elemeit of desire to

avoid or escape. Both approaches predict an interaction between moti-

vation and task difficulty, although the Spence-Taylor theory speci-

fically predicts a disordinal interaction and the Yerkes-Dodson Law

does not, although it might occur. The differences between the

approaches are important, however. Spence-Taylor is concerned with

comolex learning and is based on a theoretical foundation. Yerkes-

Jodson is empirical in nature and has been primarily applied to simple

conditioning processes. The curvilinear relationship between motiva-

tion and performance that is fundamental to Yerkes-Dodson has been

indicated by the results from studies of complex learning, but data

on the nature of the motivation-task difficulty interaction is still

lacking due to the limited number of 1,!vels of motivation that are

typically used.

Atkinson's Theory

Atkinson (1964) has developed a multiplicative theory of

achievement motivation that is based on a general motive to achieve

success (M
s
), the expected probability of achieving success (P

s
), and
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the incentive vciue of success (I
s
). The tendency to achieve success

(T
s
) was defined as a multiplicative function of these components:

Ts = Ms x Ps x Is. TJ reflect the incentive value of difficult tasks,

he defined I
s

= 1 -*P
s

. He also took account of the motive to avoid

failure by defining the incentive to avoid failure (I
f

) as the nega-

tion of Ps: If = -P
s

. It was tentatively assumed that the expectancy

of failure (P
f
) would he weak when the expectancy of success (P

s
) is

high: Ps + Pf = 1. The tendency to avoid failure (T_f) was seen as

inhibitory, which differed from the approach of Taylor and other

theorists. T_f was jointly determined by M
af

(motive to avoid fail-

ure), andand Pf, so that T_f = Maf x If x Pf. Thus, the resultant

motivational tendency was the sum of the tendency to achieve success

and the tendency to avoid failure: Tr = Ts + T_f. To this, Atkinson

also added an extrinsic motivational variable, Text' so that the

total strength of tendency Tt
Tr Text'

Based on !-,is theory, Atkinson (1964) predicted a complex cur-

vilinear relationship between task difficulty (defined in terms of

perceived probability of success), motivation (the "resulting tenden-

cy") and performance. Subjects with high n Achievement and low n

Avoid Failure would produce performance data represented by an inverted

U-shaped curve with a peak at Ps = .5; those with low n Achievement

and high n Avoid Failure would have a U- shaped curve with a minimum at

P
s

= .5. These are shown in Figure 2.

;39
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---,,, n Ach > n Avoid Fail.

n Avoid Fail. > n Ach

0.0 0.5 1.0

Probability of Success

Fig. 2. Graphic representation of Atkinson's Theory. (Based

on Atkinson, 1964)

Several studies have been found that are relevant to Atkinson's

theory. These are listed in Table 3. Several instruments have been

used for the assessment of achievement and failure avoidance motiva-

tion. Prominent among these are the projective Thematic Apperception

Test (TAT) and objective measures such as the Test Anxiety Scale (TAS)

and Mandler-Sarason Test Anxiety Questionnaire (TAQ).

Atkinson and Litwin (1960) reported the results of a ring toss

game with different throwing distances in which the high n Achievement-

low Anxiety (which was equated with n Avoid Failure) subjects had the

highest peaks, those with reverse motivational characteristics had the

lowest. It should be noted that curves for both motivational rela-

tionships were roughly normal, or Gaussian, in form. Karabenick and

Youssef (1968) obtained the predicted curves with paired associate

tasks of equal difficulty but with different established subjective

probabilities of success (easy, intermediate, and difficult). A sig

nificant motivational group by difficulty interaction was obtained.

These two studies provire strong support for the theory.
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N. T. Feather, a student of Atkinson's, conducted a series of

studies to study the application of the Atkinson theory to task per-

sistence (Feather, 1961, 1963). His tasks consisted of figure tracing

problems. Number of trials (attempts) to solve an insoluble problem

before turning to an alternative was used as the dependent measure.

High and low subjective probabilities of success were given subjects

for each figure. He found that achievement-oriented subjects per-

sisted longer at the insoluble task if it was represented as moder-

ately easy (Ps = .70); failure avoidance-oriented subjects persisted

longer if the task was represented as difficult (Ps = .05). This was

held to support Feather's hypotheses and Atkinson's theory.

Maehr and Videbeck (1968), in a study of the effects of risk-

taking tendency on preference for reinforcement levels, found that

subjects were, overall, most persistent at moderate (50%) reinforce-

ment-success schedules and least persistent at the extreme (15% and

85%) schedules. Because the task was of an achievement nature and

subjects were presumed to be high in success motivation, the results

were held to support Atkinson's theory.

Additional support for Atkinson's theory was obtained by

deCharms and Carpenter (1968) with a different kind of study. The

interaction of achievement motivation with risk-taking behavior was

assessed with arithmetic and spelling problems. Subjects were fifth

and seventh grade Negro children. Problems were developed to form six

levels of difficulty for each kind of task, ten problems constituted

each level. Subjects were pretested with a standard set of sixty

problems in each set. The task consisted of solving problems and

obtaining as many "points" as possible. The number of points possible
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for a given problem was based upon the difficulty level of the problem

and the performance on the pretest. Each subject selected ten problems

from each kind of task. A risk-taking element was inherent in each

choice: the more difficult the problem selected, the greater the num-

ber of points that could be earned if successful. The results showed

significant differences between the high and low n Achievement groups

for both tasks. Curves plotted for the n Achievement by risk inter-

action were very close to those predicted by Atkinson's theory. In

fact, the predicted U-shaped curve was found for the low n Achievement

group in Spelling.

Conflicting results using programmed ipstructional materials

have been reported by Kight and Sassenrath (1966) and Shrable and

Sassenrath (1970). Using "easy" programmed instructional materials,

Kight and Sassenrath (1966) found that high n Achievement - high Anxi-

ety subjects worked faster and made fewer errors than low n Achieve-

ment - low Anxiety subjects, and high n Achievement subjects had higher

retention scores. These differences were statistically significant.

According to Shrable and Sassenrath (1970), Atkinson's model would

predict either an approximately equivalent performance or a negative

relationship between achievement motivation and performance level on

this task in which the probability of success was .95 or better.

Shrable and Sassenrath (1970) repeated the experiment with higher level

college students and obtained the negative relationship. Subjects with

high n Achievement - low Anxiety scores made the greatest number of

errors on the program and tended to score lower on the retention test

than the low achievement group.

411



Entin (1968) used nrojective tests to assess n '.chievemcnt Fuld

n Avoid Failure. The tasks consisted of two-digit elition Problems

an 'lendt three step crw,lems. A difference in motivation was induced

by specifying that the results would be male public or Imuld remain

confidential. He found a curvilinear relationship botween motivation

and nerformance for both levels of difficulty, with the groins assumed

to he intermediate in strength of motivation having the highest mean

nerfnrmance at both levels. Although this study fails to support

Atkinson's formulation, it might be seen as providing partial support

for the YerkesDodson Law.

A recent review of Atkinson's theory by aehr and Sjogren

(1971) cited several of the above and other studies in support of the

validity of the theory and its employment in academic motivation sit-

uations and persistence behavior. These authors observed that the

obtained evidence indicated inverted U-shape functions for both n Ach>

n Av Fail and n Av Fail > n Ach, but the mode of the former was greater

than that of the latter, indicating that both exhibit P preference for

moderate difficulty levels although achievement-oriented subjects :ye-

fer it more than failure-threatened subjects. Maehr and Sjogren

pointed out that it remains to be demonstrated that failure-threatened

subjects exhibit maximum avoidance in the moderate difficulty range,

as nredicted by the theory. However, the obtained results may be due

to some unspecified motivation acting as an additive factor.

The criticisms that were levelled against the anxiety studies

should also be valid for the above studies. The primary means of

assessing n Achievement and n Avoid Failure are the use of projective-

type tests (e.g., the TAT) and tests of anxiety (e.g., MAS or TAO).
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Birney, Burdick, and Teevan (1969) point out that the use of the TAQ as

a measure of fear-of-failure is wholly dependent upon the theory that n

Avoid Failure is defined by low n Achievement and high scores on the

TAQ. Maehr and Sjogren (1971) criticized the instruments used to mea-

sure achievement motivation and motivation to avoid failure and pointed

to the need for the development of better instruments. Clearly, direct

manipulation of the motivational variables may be most desirable.

Summaq of Atkinson's Theory
of Achievement Motivation

Atkinson's Theory is attractive because of its attempt to

quantify the motivation-task difficulty relationship. The theory per-

mits predictions for a continuum of task difficulties, as the Yerkes-

Dodson Law permitted predictions for a continuum of drive levels. How-

ever, Atkinson's theory is limited to only two motivational variables;

he does not appear to have attempted to generalize directly to other

variables. Indeed, the motives of achievement and failure avoidance do

not appear to have been manipulated; they have just been measured.

The second independent variable of Atkinson's Theory is task

difficulty (probability of success). Studies that have supported the

theory have used a sufficient number of levels of difficulty to allow

the predicted results to appear. Studies that have not supported the

theory or on which conflicting evidence was obtained used few levels of

difficulty. Because this study employed several difficulty levels, re-

sulting data should have a bearing on the theory.

Atkinson's Theory, like the other two approaches described

above, leads to a prediction of an interaction between motivational

variables and task difficulty. However, the nature of the interaction
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is different. Atkinson does not predict a disordinal interaction,

although it would appear from the nature of his Predicted curves

(Figure 2) that such an interaction might he obtained under certain

circumstances if two levels of difficulty are used.

The above review of two theories and a law indicates that a

great deal of research still needs to be done to clarify the relation-

ship between motivation and task difficulty. The two theories re-

viewed are tied to specific motivational variables. The Yerkes-Dodson

Law, although presumably generalizable to all motivational variables,

has not been adequately tested with human subjects.

Hunt's Hypothesis

Hunt (1961, 1965, 1971) has hypothesized that the differences

in task difficulty or complexity may, in themselves, create differ-

ences in intrinsic motivation. Thus, a student may feel challenged

more by difficult problems than by easy problems and work longer,

faster, or more accurately on them. Little research has been found

that bears on this theory, but if the hypothesized effect exists, it

should have a major impact on the results of studies related to

Atkinson's Theory. Although his earlier formulations have been pri-

marily applicable to very young children, Hunt's recent statement

(1971) indicated applicability to children of all school ages. He

pointed out that a critical element in finding the appropriate level

of complexity is the child's freedom to select his model, to take it

or leave it. The existence of such a possibility clearly calls for

the use of control groups that receive no external motivation as an

added dimension of the interaction research, and may have accounted

for the curvilinearity found in the isolated (control) group by
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Wickens (1942). However, in many studies this control is lacking and

there is no evidence concerning any possible interaction between the

hypothesized intrinsic and the imposed extrinsic motivation. This

seems to be a rich area for research, but little has been found.

Summary of Interaction
Studies

Based on the results of Yerkes-Dodson (1908) and others, and

upon Hebb's (1955) formulation, it seems logical to postulate a cur-

vilinear relationship between motivation and performance. Following

Yerkes and Dodson, it seems reasonable to expect that the optimum

motivation may differ with the difficulty of the task. Furthermore,

Atkinson and Hunt postulate a curvilinear relationship between task

difficulty and performance. When one is dealing with a curvilinear

phenomenon it is necessary to design an experiment that will reflect

the eve that is expected. Those studies that found nonsignificant

negative results might be explained by a failure to insure that the

design adequately took account of a possible curvilinearity. This

would be especially true of simple 2 x 2 factorial interaction designs.

One weakness of the Spence-Taylor approach is the inherent lack of

consideration given to the possibility of curvilinear relationships

between their variables and their dependent measures.

The ideal test of the approaches described above would

involve several levels each of the motivation and task difficulty

variables. Several kinds of each variable should be tested, However,

this would require a very large number of subjects and several years

to accomplish. The present study was designed to provide a start for

such an endeavor by evaluating two educationally significant variables,
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incentive (the motivational variable) and arithmetic problem dif-

ficulty (the task variable). The rationale for the selection of

incentive and research concerned with incentives and with task dif-

ficulty will be described in the next section.

Evaluation of Studies

Of Motivation and

Task Difficulty:

Studies of Task Difficulty

Some studies of task difficulty have been conducted, but

generally without consideration of individual difference variables.

For example, a large-scale study reported by Blake (1964) evaluated

performance on a variety of tasks with several dimensions of com-

plexity. In general, he found that performance was inversely related

to task difficulty, that IQ and sex influenced learning and that

method of task presentation influenced learning in only a few sit-

uations. These seem to be typical findings, although Fang (1966)

points out that differences in experimental findings in this area

have often been traced to differences in the characteristics of the

tasks used. There seems to be a serious lack of useful operational

definitions of complexity and difficulty that are generalizable

across tasks. There is a need for the development of an operational

definition of task difficulty that can be used to specify levels, or

degrees, of difficulty that are individualized to each subject rather

than based upon normative standardization.
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The Need to Study Rewards
or IncentiVes as
Motivationa Variables

A large proportion of studies dealing with motivation and

task difficulty have used anxiety or related constructs as the moti-

vational variable. These motivational variables have some relevance

to the school learning situation. Certainly, if Skinner (1965) is to

be believed, aversive stimuli that increase anxiety are the dominant

means of motivating students. Even if Skinner is wrong, it cannot

be denied that fear of failure is a powerful motive for at least some

students to perform well in their academic work, and during a period

of intense academic competition perhaps it is the dominant stimulant

for a majority of students.

An alternative to the threat of failure might be the reward of

success. It can be argued that high academic grades are a reward if

they are achieved, but they are found on the same continuum as a

failing grade; the threat of failure always exists. As was pointed

out earlier, praise is frequently used but its effect on learning is

not really known. However, the success of contingency management

systems in a variety of settings shows that tangible reinforcement

and reward techniques can be highly effective in shaping human

behavior and in encouraging desirable study behaviors.

Studies of the Effects
TrranITVes

A small number of studies have been found that incorporate

incentives into the experimental design. "Incentive" refers to the

expectation that a particular reward will be obtained after behaving

in a certain way (Cartwright and Cartwright, 1970), usually upon the
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completion of a series of responses or at the end of the experimental

period. These studies have generally failed to yield clearcut results

concerning the efficacy of incentive. Goodyear (1970) promised a re-

ward of three or ten points added to a semester grade for good per-

formance on an immediate recall and reflective listening test. Other

groups were told they would have three or ten points deducted if their

performance was below a specified criterion level. A control group

was told their performance would have no impact upon their grade. He

found no evidence that reward (as he operationally defined it) pro-

duced any significant effect.

Goyen and Lyle (1971a, 1971b) compared money and knowledge of

results with no feedbacks or incentives for two different tasks with

normal and retarded readers. No significant differences were found

for tachistoscopic recognition of shapes (Goyen and Lyle, 1971a),

but significant differences favoring the incentive groups for both

reading ability groups were found when the task was one of learning

geometric figure ase.ociations (Goyen and Lyle, 1971b). The authors

proposed that the difference in effect was due to the difference in

tasks.

A set of twelve incentive objects was scaled and tested by

Haaf, Feldstein and Witryol (1970). They found three clusters of

preference for objects that were common among sex and grade level

groups tested. Haaf (1971) used this scale with a form discrimination

problem. Specific rewards were correlated with position (left-right)

if the correct stimulus was in that position. Although there were no

significant differences between reward groups, he did find indications
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of differential effectiveness of tie rewards. Howev2r, the r:lativ

effectiveness did not agree with the results of the previous scaling.

Noffsinger (undated), with a visual traekinn task, found that

normal subjects performed better with no reward than oith the incen-

tives of money or verbal reward. This seems to contradict the find-

ings of the studies by Stennett (1957) cited above.

Clifford (1971) evaluated the effects of a reward with homo-

geneous and heterogeneous group competition. A substitution task was

used. She found the homogeneous competition with reward oroun to be

superior, with rev:ard making little difference in performance for the

heterogeneous group competition subjects. However, she also found a

clear ability effect: high ability subjects showed a greater resis-

tance to reward than low ability subjects. She pointed out that the

results "raise the question of whether success and/or recognition of

success may have a relative Value dependent upon subgroup status."

(o. 14).

From the above study, it appears that the efficacy of an

incentive may depend upon the nature of the task, the nature of the

reward, the ability of the subjects, and the value of success to the

subject.

A review by Fang (1966) found five studies in which incentives

facilitated performance on certain types of tasks and three in which

incentives had no effect. He also reviewed studies which atteranted

to compare the efficacy of different types or levels of reward: a

difference was found by one investigator, no difference by three.
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The contingency management studie, which seem to be gaining

favor for educational and non-educational applications, utilize a

variety of incentives that can be obtained by accumulating tokens,

points, or other reinforcements for specific behavior (e.g., Lackner,

1970; Wrobel and Resnick, 1970; and Breiling, Shipman, Milligan and

Pepin, 1970). The student may select any reward from a menu as long

as he has accumulated the required number of points or tokens.

However, no studies of contingency management programs have been found

that attempt to evaluate individual preferences for different kinds of

incentives.

Reward Preference Inventorl

Perhaps the best effort to quantify reward preferences is the

of Dunn-Rankin (e.g., Dunn-Rankin and Shimizu, 1968) with the devel-

opment of the Reward Preference Inventory (RPI). This instrument,

which Is described in detail below, is an attempt to obtain the reward

preferences of children by an indirect, paired comparison technique

and to obtain preferences across a wider range of categories than has

been attempted previousiy. The categories consist of adult approval,

competition, peer approval, independence and consumable. The RPI has

been carefully developed and validated by administration in several

schools at widely separated geographic locations. Cartwright (1968,

1970) used the RPI to study the result of using incentives of high and

and low reward value on performance of a paired-associate learning

task and a perseverance task. Although significant differences

between the incentive groups were not found, the trend was in the

expected direction (high incentive superior to low incentive) for the
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number of P-A trials required for learning and for time spent on the

perseverance task. However, it is interesting to note that the number

of errors on tree P-A task was lower, and the number of correct

responses on the perseverance task was higher, for the low incentive

groups. These findings are similar to those of Feldman (1964b),

Eysenck (1964), and Palermo, Castaneda and McCandless (1956), and

indicate that the motivational variable used in this study may be

equated with other motivational variables. Additional evidence of a

difference between the incentives was found in that seven subjects in

the low incentive condition spontaneously rejected the promised

reward.

Confounding effects due to extraneous variables were found by

Cartwright (1968, 1970) which might explain the failure to obtain

significant results. Significant correlations were obtained between

four variables (reading, arithmetic, achievement, and IQ) and the

standard score on the perseverance task, It was observed that dif-

ferences in achievement were sufficient to mask any effects due to the

experimental variables. However, the evidence seems to indicate that

there is a motivational difference between the high and low incentive

groups. Cartwright has observed that, ". . . the Reward Preference

Inventory is an experimental instrument; research directed toward

establishing predictive validity across a wide range of learning

situations and for varied groups of individuals in needed," (1970,

p. 157).

In order to evaluate the usefulness of the RPI in a computer

assisted instruction (CAI) environment, a series of pilot studies

(unpublished) have been conducted under the direction of
r:V'1
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G. P. Cartwright that replicate in a CAI setting the study by

C. Cartwright (1970). The independent variable was the promise of

the most preferred or least preferred reward; the dependent variables

were time spent on a repetitive task of finding 5's and the number of

5's found.

The pilot study with about thirty children, aged eight to ten,

has led to the following conclusions concerning the use of the RPI in

a CAI environment: 1) it is difficult to operationally provide

effective peer approval or independence rewards; 2) children tend to

forget the reward they were promised; and 3) the operation of a CAI

terminal is, in itself, a strong incentive.

It was found that only a very small number of children

selected the peer approval or independence rewards. An analysis of

the rewards actually offered, a certificate to be shown to a best

friend (for peer approval) or free play time (which all subjects

received anyway, for independence) were not perceived as being equal

in value to the other offered incentives (candy bar, certificate of

merit, name on public bulletin board). No effective way of increasing

the value of the least favored categories has been found and it was

not thought desirable to decrease the value of the others.

In order to strengthen the effect of the RPI, based on the

pilot studies described above, the following modifications were made

in an additional pilot study: 1) the Peer Approval and Independence

categories were eliminated; 2) additional pairings of examples of

the remaining three categories were included for a new total of 24

pairings; and 3) intermittent statements of encouragement were added
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to the task. These encouraging statements have special reference

to the particular reward assigned to the subject and are designed to

remind him of the reward for which he is working.

Preliminary results using this modified method indicate that

it results in a larger difference in the dependent variables between

the most and least preferred reward groups than did the original

procedure.

Rationale and Anticipated Value

The Yerkes-Dodson Law, Spence-Taylor Theory, and Atkinson

Theory have used, and been based upon, different motivational

variables. Although some studies have been found that may be applied

to two of the approaches, none have attempted to determine whether any

of the theories may be generalized to include motivational variables

other than those specified by the theory. In this study, the "strong

inference" technique suggested by Platt (1964) was invoked by selec-

ting a motivational variable that was implied by none of the theories

but which might permit generalization to all the theories. Although,

as Platt pointed out, such research is high risk, it was felt that it

was necessary to start searching for generalizations within the

motivation by task difficulty paradigm.

Studies related to the theories have typically used levels of

difficulty based upon normative data or upon specified a priori prob-

abilities of success (although the actual problems frequently bore

little similarity to the specified probabilities). However, nor-

matively based differences in a task do not take account of the

individual differences of subjects; what may be difficult for one
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subject may be relatively easy for another. A major question that

might be asked of these studies Is whether control of the difficulty

level for each subject would yield the same results. One intent of

the present research was to evaluate such an individualized difficulty

level within the motivation-by-task difficulty interaction paradigm.

Incentive was selected as a motivational variable for three

reasons. First, it met the requirement of not being identified with

any of the approaches being evaluated. Second, it is a manipulatable

variable of educational significance in that it might be applied in

educational environments to stimulate improved performance of students.

Third, an extensively validated instrument exists, the Reward Prefer-

ence Inventory, that would provide an indirect assessment of individ-

ual preferences for rewards and permit the assignment of subjects to

high and low preference conditions.

From both a theoretical and a practical standpoint, it seems

appropriate and worthwhile to investigate the interaction of incentive

motivational variables with task difficulty using computer assisted

instruction equipment. The computer can be an effective instrument

for maintaining specific levels of difficulty adapted to each student,

for collecting information concerning reward preferences, for assign-

ing students to reward conditions, and for providing information to

the experimenter concerning the reward status of each subject to

minimize human influence. The feasibility of using a computer for

such a project has been demonstrated by O'Neil, Spielberger and

Hansen (1969) at Florida State University and by pilot studies with the

Reward Preference Inventory conducted at Penn State.
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Data bearing on several theories will be obtained by a study

of the type proposed. If sufficient difference between strengths of

incentives is obtained, the theories can be pitted against each other

to determine the validity of each. From the proposed wide range of

levels of difficulty, a test of Hunt's (1961, 1965) hypothesis of an

optimum difficulty level for intrinsic motivation can be conducted.

From the use of the RPI, further evidence of the validity of this

instrument can be obtained. Furthermore, useful information should be

provided to authors of CAI drill and practice programs for whom no

real guidelines exist concerning the specification of problem dif-

ficulties.
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CHAPTER III

PROCEDURES

Definition of Independent Variables

Incentive level. Preference for types of incentives was

determined with the modified Reward Preference Inventory (RPI) (Appendix

D contains a complete description of the text). The results of the RPI

provided a quantitative measure of preference for three categories of

reward based on a series of paired comparisons between samples of adult

approval, competition, and comsumatory response and permitted the divi-

sion of subjects into two groups. In one group, each subject received

his most preferred reward; in the other, the least preferred reward was

received. The Most Preferred Reward (MPR) was defined as the category

for which the subject indicated a preference the largest number of

times. The Least Preferred Reward (LPR) was the category selected the

fewest number of times. A control group received the RPI but was not

told that a reward would be received. Subjects were randomly assigned

to the three reward groups. Those receiving a reward were told what

they would receive when they finished, but were not specifically told

that the reward was their highest or lowest preference.

The specific incentives used were the following:

a. Adult Approval-Report card with an A entered as the grade.

b. Competition-Name of subject posted on a chart indicating

excellence prominently displayed in the terminal room.

c. Consumatory-M&M candies.

Replicas of the report card and chart are in Appendix C.
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Task difficulty. A task variable was sought that would permit

several levels of difficulty to be operationally defined. Arithmetic

problems were selected because it was possible to meet this criterion

by proper programming of the computer. There have been several

precedents for using arithmetic tasks on computer assisted instruc-

tion equipment (e.g., Suppes, Jerman and Brian, 1968; and recent

studies by Heimer and his students at the Pennsylvania State Uni-

versity
1
).

Difficulty level was operationally defined in terms of the

percent of problems solved correctly. Four ranges of percent correct

(hereafter referred to as PCR, for Percent Correct Range) were spec-

ified. The ranges selected were 98-80%, 72-54%, 46-28%, and 20-2%.

The computer could adjust the kind of problem received to insure that

subjects' performance stayed within the prescribed range. In this

way, the difficulty of the task was maintained within prescribed

limits on an individual basis, thus taking account of differences in

ability. It should be noted that this procedure for handling task

difficulty is quite different from that typically used for studies of

the Spence-Taylor Theory and Yerkes-Dodson Law, but is somewhat

analogous to that used for tests of Atkinson's Theory.

Dependent Variables

Sensitive dependent variables were required because it was

expected that the differences in motivation produced by the differences

in incentive value might not be of a large magnitude. Also, it was

1
Personal communication.
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expected that a large amount of variation in the results might be

produced by utilizing a computer system for the presentation of stimuli.

Previous studies with the RPI using a perseverence task used working

time, standardized number of solutions, number of errors, and solution

rate as dependent variables. The studies used open-ended tasks which

seemed to be quite sensitive to differences in motivation, and Feather

(1961, 1963) found persistence at a task to be a good measure of the

strength of competing behavioral tendencies. He used time spend on

each task and number of trials as his dependent measures.

Selecting dependent variables for a study of this type is

difficult because the relevant theories assume different dependent

variables as well as different independent variables. The Yerkes-

Dodson Law and Spence-Taylor theory assume measures of learning as

dependent variables; Hunt's theory seems to imply both learning measures

and persistence measures. Both persistence and performance are inherent

in Atkinson's formulations. Clearly, individualized control of the

level of difficulty does not permit direct evaluation of learning. For

the Yerkes-Dodson Law this is relatively unimportant. Because this

approach is empirical in nature it should be expected that the effect

would manifest itself whether the dependent measure is number of trials

to criterion or amount of time spent on the task, although it was

developed to account for learning data. However, the change in the

nature of the dependent measure is an important consideration for the

Spence-Taylor theory.

The Spence-Taylor theory postulates that differences in motiva-

tion will result in differences in the way competing response hier-

archies are handled, e.g., whether the correct answer becomes dominant

CI
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easily or not. It is expected that for easy tasks in which the correct

answer is dominant subjects with high motivation will persist longer at

tasks with which they are having success than those with low motiva-

tion. However, for difficult tasks where incorrect responses dominate

the response hierarchy, it is expected that subjects with high motiva-

tion will experience severe frustration earlier than those with low

motivation. Severe frustration should result in termination of the

task; thus, subjects with high motivation who encounter difficult pro-

blems should persist for a shorter time than those with low motivation.

This leads to a prediction of results with a persistence variable that

are similar to those from the learning variable assumed by the theory

and provides a basis for using persistence as a dependent variable for

evaluating the results from the study in terms of the Spence-Taylor

theory. It appears, then, that persistence measures might provide the

needed extrapolation of results to the evaluation of the interaction

theories and can also permit comparison with prior studies conducted

with incentive as an independent variable.

The selection of specific dependent variables for the present

study was complicated somewhat by the fact that different amounts of

time would be required to solve different kinds of problems. For

example, it was clear that any subject could solve single digit

addition problems in much less time than multi-digit multiplication

problems.
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The following two dependent measures were selected on the

basis that they contained the least bias as measures of persistence

and they provided comparability with prior studies by other investi-

gators: 1) time spent working on the task (TTime) and 2) an adjusted

number of problems attempted (ANP). TTime represented only the time

spent on the task problems and was calculated from times given in the

student records output.

Several measures of task performance were obtained, including

number of correct answers, number of wrong answers, and number of

overtimes. Subjects were also given the option of typing the letter

"n" if they did not know how to do a problem. During subject trials,

it was determined that several subjects used the "n" to try to obtain

a different kind of problem. As a result, it was decided that the

most appropriate measure of the number of problems really attempted

would be the total number of problems attempted minus the number of

"n" entries. This constituted the ANP variable selected as the second

dependent measure.

Equipment

Subjects used terminals of an IBM Instructional System

mounted in a mobile van, Each terminal consisted of an IBM 1510 key-

board and display screen with a photo-sensitive light pen and an IBM

1512 Image Projector. All materials were presented via these termi-

nals. Materials were written in the Coursewriter II language.

Illustrations of a representative terminal and the interior of

the van are provided in Figures 3 and 4. A detailed description of

the computer based instructional system is given in Appendix D.
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Subjects

Subjects were selected from fourth and fifth grade classes at

the Athens Main Elementary School in Athens, Pennsylvania. Athens, a

town of approximately six thousand persons, is located in a small

complex of towns just south of the New York State border near Elmira,

New York. The principle economic activities in the Athens district

are agriculture and light industry.

Prior to initiating the study, teachers were familiarized

with the intent and content of the experiment. Ten teachers in the

fourth and fifth grades, representing about 300 students, agreed to

permit their students to participate. Due to logistical difficulties,

a critical time variable, a desire to minimize the disruption of

classes, and a social environment in which all students eagerly

desired to participate in the study (subject trials were conducted in

a mobile computer laboratory, described above), it was decided to

select all students within any given class that desired to participate.

No student refused. Because the computer program itself randomly

assigned students to treatment conditions, it was felt that the major

tests for random assignment were met by this procedure.

One hundred forty two subjects from five classes were obtained,

distributed as follows:

Eli
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Cl_ ass Sequence Used Number of Subjects

1 30

5th Grade 2

{.

3 31

Sub-total: 61

1 2 31

4th Grade
2 4 30

3 5 20

Sub-total: 81

All teachers reported wide ranges of ability within their classes.

None of the students had used the computer terminals before the study

although a small, unspecified number had seen the interior of the

mobile van. This was the first time any of them had had an opportunity

to interact with a computer.

Administration Procedures

Before students in the first two classes were asked to vol-

unteer, they were briefly told that the purpose of the study was to

see how well students responded to different kinds of incentives and

different levels of problem difficulty. They were also told that

they would be working arithmetic problems and that all work would be

done at the computer terminals in the mobile van. Students were then

asked to volunteer for the study. After the first two classes um-

pleted the prescribed procedure, it was found that only a minimum

introduction was necessary. It was evident that the students were

uniformly eager to participate. All introductions were given by the

experimenter.
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Varying numbers of students were selected from a class for

each subject run, depending upon the number of available computer

terminals. Because adult students were concurrently taking a college

credit course at the mobile van, it was not possible to use all

fifteen terminals except for two instances. The number of students

"on-line" at a given time normally ranged from six to ten.

For each subject run, the experimenter took the number of

students needed from their classroom and guided them to the van. Out-

side the van, before entering, the following instructions were given:

When you go inside, you will be directed to an empty
chair in front of a television-like screen. Sit down
and put your name on the yellow card that will be in
front of you. We need this because some of you may
receive something with your name on it. You will then
be put in touch with the computer.

Please do only your own work and don't talk to your
neighbor. When you are finished or if you have any
questions raise your hand and we'll come to you.

You will be working some arithmetic problems. Some
of them will be hard, some will be easy. Do the best
you can.

(After the fiftieth subject the following instruction was added).

Some of you will get something when you finish work
and some of you won't get anything. The computer will
determine what you get and will tell you before you
start. So be sure to read carefully.

Are there any questions before we begin?

After questions were answered, students were permitted to take

their places at the terminals and their terminals were activated. The

computer program directed them through the materials, as described.

All questions were answered as completely as possible.

Cs
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When a student wished to stop working, his terminal was

deactivated and he was guided to the end of the room where he was

given his reward, if any. All students were given a punched card that

had the words THANK YOU punched in it. After the fiftieth subject,

and when time permitted, students promised a reward were asked if they

remembered what the reward was to be and why they continued to work.

Administration of theWerials at the
Computer 'Terms na

A specific sequence of events was prescribed for Each subject:

1) introduction and use of the system; 2) practice with the light pen;

3) administration of Reward Preference Inventory; 4) use of and

practice with the Leyboard; 5) administration of arithmetic pretest;

and 6) administration of the task. A brief description of each event

is presented below. Samples of the task items and a flowchart of the

task programmingtare in Appendix F. A copy of the complete Course-

writer II program is available from the author. The following events

are described in the sequence in which they were presented to the

students.

Introduction and use of the system. Students were greeted

with a message thanking them for their help in improving computer

assisted instruction. They were then told how to progress from one

display to the next.

Practice with the light 221 The use of the light pen was

described. Students were first directed to look at the pen, then to
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use it in specific ways. Finally, students used it to select squares

in a game of Tic-Tac-Toe with the computer.

Reward Preference Inventory. The text of the introduction and

sequence of paired comparisons for the RPI is given in Appendix B.

Students were given the opportunity to respond to a sample item and

were given feedback verifying their choice. Twenty four pairs of

questions were then presented, one pair at a time. One element of

each pair was selected by means of the light pen. Students could take

as long as they wished to make each choice. Once the choice was-made,

the next pair automatically replaced the completed one. Locations of

the text and response area for each part of the pair were pseudo-

randomly varied on the display screen to minimize the possibility of

a response bias. No information on the results of the RPI was given

the students, although the profile of each student was stored and

printed later for data analysis and for the assignmeL;.. of subjects to

cells in the design.

Use of the keyboard. Students were instructed in the use of

the numeral keys on the keyboard to prepare them to type numerical

responses to arithmetic problems. A written set of instructions was

used to supplement the nn-line instruction to save time and to give

students a permanent reference if needed.

Students were directed to find, type, and enter (submit to

the computer for judging) specific numbers and the letter "n". They

were then instructed in the method of correcting numbers that were

incorrectly typed. Practice in the use of numbers was provided by a

Tic-Tac-Toe game in which squares were identified by numbers. A

square was selected by typing and entering its number.
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Help was given to students needing it. It should be noted

that at least half the students had difficulty with this section,

but all learned the process well enough to perform adequately on the

task.

Arithmetic pretest. The twenty-one item pretest was admin-

istered one item at a time via the terminal display screen and was

sequenced from the easiest to the most difficult item on the basis of

results from a preliminary evaluation with third, fourth, and fifth

grade students. The items for the pretest were selected on the basis

of an item analysis of a pool of 55 items administered to third

through fifth grade students in State College, Pennsylvania. The

twenty one items represented those that permitted the best discrim-

ination when sequenced from low to high difficulty. The test was

designed to be a power test such that a student would correctly answer

all problems in the sequence up to his level of ability and none

thereafter, and no student could solve all the problems. Problems

were selected from all the basic types of arithmetic problems from

addition to the subtraction of complex fractions, and at different

levels of difficulty within each type, such as two, three, four, and

five digit addition. The items in this pretest are reproduced in

Appendix E.

The Kuder-Richardson Formula 20 reliability of the pretest,

administered by the computer to 141 students, was found to be 0.762.

the test mean was 5.69, the standard deviation was 3.24. The standard

error of measurement was 1.58 for the 21-item test.
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Sixty seconds were allowed for all single-response items; an

additional twenty seconds were allowed for each additional response

(such as for division with a remainder or fractions). Preliminary

trial time results indicated that these times were adequate. For

example, a long division problem with no remainder was allocated sixty

seconds. If there was a remainder, the quotient had to be entered

within sixty seconds and the student was given an additional twenty

seconds to enter the remainder. A complex fraction with a whole

number, a numerator, and a denominator would be allowed 100 seconds.

Exceptions to this time schedule were made if the student was required

to read additional directions. This occurred only for the first

problem with a fractional response; five minutes were allowed to

permit subjects to read how to respond to this kind of problem or to

ask for help (which many of them required).

The introduction to the pretest is reprinted in Appendix E.

It told the students how much time they would have for each problem

and indicated that they would not be able to solve all of them. So

that subjects could skip problems they could not do, an option to

type an "n" was provided.

Most subjects were able to handle the mechanics of the pretest

with little trouble, although most required help with the first

fraction response. This latter was anticipated, but it was felt that

a detailed procedure for teaching subjects to respond to fractions

would be excessively time-consuming, and personal attention would

insure immediate learning of the process. Some subjects had dif-

ficulty responding to the first one or two problems, but, with help,

learned the process quickly.

r.
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After each problem students were told if the answer was

correct or incorrect. An "n" response was followed by "O.K." The

feedback was displayed for three seconds, then the next problem was

automatically displayed. No summary of results was given the student

when he finished, but the results were stored and tabulated for later

printout and for use in the assignment of the initial difficulty

level for the task. Three kinds of information were stored, the

number of correct responses, the last problem correctly solved, and

the number of "n" responses.

Cell assignment. Once the student completed the arithmetic

pretest there was sufficient information to assign him to a cell in

tt.1 experimental design; that is, he was assigned to an incentive

condition and an error rate level (PCR). A flowchart detailing the

decision-making process is in Appendix G. Briefly, the process was

as follows. A buffer with twelve positions was established. A random

number between one and twelve was generated; the resulting number was

the cell and was used to set counters and switches that controlled the

incentive and error rate level.

To insure an even distribution within cells, all twelve cells

were filled by the pseudo-random procedure before the next set of twelve

was started. The assignment to cells for each cycle of twelve was

controlled by establishing a counter value equal to the largest number

of subjects in a cell. As numbers were generated the new number of

cases in the cell of the generated number was tested against this test

value; if it was equal, the cell assignment was made. If the number

of cases were greater than the test value, the generated number was

rejected and another number generated and tested.
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The task. The specific difficulty level initially assigned to

a subject depended upon his performance on the arithmetic pretest and

upon the percent correct range (PCR) to which he was assigned. Twenty-

three levels were available, each representing a particular mix of the

kind of arithmetic operation (e,g., addition, simple fraction sub-

traction) and difficulty within the level. These are completely

described below. The assignment process was empirically designed to

start the student with a kind of problem on which he would perform

within the specified percentage range. The paradigms used are given

in Appendix G.

The introduction to the task was presented on the display

screen and consisted of the following text:

Now I would like you to do some more arithmetic
problems. They may be easy or they may ba hard. You
will have about a minute to do each one, so work as
fast as you can.

Try to answer each one. Do as many as you can.
However, if you don't know how to do one, type an
n like you did before.

Depending upon the assigned incentive group, one of the follow-

ing messages was displayed with the above text:

(Adult approval condition)

When you finish, I will give you a report card
telling you how you did. Your grade will depend upon
how well you-do.

(Competition)

When you finish, your name may be put on a chart
at the entrance to show everybody how well you did.
Your name will be on the chart only if you do a good
job.

(Consumatory)

If you do a good job, you will get some M & M candies. The
number of M & M's you get depends upon how well you do.
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(No incentive-control group)

Do as good a job as you can.

When finished reading the message, the subject pressed the space bar

to start work on the task. The problems were presented in the same

format used for the pretest. The same timing considerations were

used, and each solution was followed by a display of the words "Right"

or "Wrong" if correct or incorrect, "O.K. These are hard." if the

n option was used, or, "Sorry, you took too much time." if the time

limit was exceeded. Subjects paced themselves through the task by

pressing the space bar each time they were ready to work the next

problem. It was found that almost all subjects automatically pressed

the space bar after seeing the result of their entry, thus, they

worked as quickly as possible.

Twenty three combinations of problem type and difficulty

(based on number of digits or complexity) were available for assign-

ment. These combinations were ranked by difficulty on the basis of

preliminary test results. The types and their difficulty rankings are

given in Table 4. Sample problems for each type are in Appendix F.

For the basic arithmetic operations (add, subtract, multiply, divide)

the presentation format (vertical or horizontal display) was randomly

selected to insure some variability within each level and to insure

higher variability of performance at each level (it was found during

preliminary trials that the format could make a difference in per-

formance). This was desirable to minimize changes from level to level

and to reduce the possibility that a subject would perform perfectly

at one level of problem difficulty and very poorly at an adjacent

level.
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Table 4

Problem Types and Their Assigned
Rank (Difficulty Level)

Problem Type Rank

Addition, 2 addends, Range 1-10 1

Addition, 2 addends, Range 10-100 2

Subtraction, Range 1-200 3

Addition, 2 addends, Range 100-1000 4

Addition, 2 addends, Range 1000-10000 5

Division without remainder, Range 1-10, 1-100 6

Subtraction, Range 100-10000 7

Multiplication, Range 1-10, 1-100 8

Subtraction, Range 1000-32000 9

Simple fraction addition, like denominators, Range 1/4-7/9 10

Multiplication, Range 10-150 11

Simple fraction subtraction, like denominators,
Range 1/4-8/9 12

Division with remainder, Range 2-20, 4-419 13

Multiplication, Range 50-100, 150-327 14

Division with remainder, Range 10-100, 100-10099 15

Simple fraction addition, unlike denominators,
Range 1/2-13/15 16

Addition of mixed fractions, Range 1/3-9 9/10 17

Simple fraction multiplication, Range 1/2-8/9 18

Simple fraction subtraction, unlike denominators,
Range 1/2-10/15 19

Multiplication of mixed fractions, Range 1/3-9 9/10 20

Simple fraction division, Range 1/2-8/9 21

Division of mixed fractions, Range 1/3-9 9/10 22

Subtraction of mixed fractions, Range 1/3-9 9/10 23

The following performance information was maintained during

progress through the task:

1. Number of problems attempted

2. Number solved correctly

3. Number answered incorrectly

4. Number answered with an n

5. Number of overtimes
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The rationale for permitting an "n" response was similar to that for

the pretest. Students were given a time limit for their response to

force them to work quickly and to prevent subjects from dawdling over

their response.

The percentage of problems solved correctly was calculated

after each solution. After every other problem, this percentage was

compared with a maximum and minimum value of the PCR established by

the random assignment. If the obtained percentage was greater than

the established maximum, the difficulty level of the problem was in-

creased by one (the subject was given more difficult problems).

Easier problems were called for if the subject was performing at a

level below the established minimum. Thus, although a subject started

work on a given kind of problem, he might receive harder or easier

problems depending upon his performance with respect to the percent

correct range to which he was assigned. A typical progress of a

subject who invoked this adjustment process is given in Appendix H.

It is this process that insured that the task difficulty was adjusted

to the individual abilities of the subjects.

To insure that students remembered the reward for which they

were working and to provide them with a periodic opportunity to stop

work, a message was displayed upon completion of the first nine

problems and every ten problems thereafter that made reference to the

reward, encouraged them to continue, but permitted them to stop if

they wished. The four reward-related messages were as follows:

(Adult approval)

If you keep working, you will get a better grade
on your report card.



(Competition)

If you keep working you will be sure your name
is on the board for everyone to see.

(Consumption)

You have earned three more M & M's. If you keep
working, you will get more.

(No reward-control group)

Keep up the good work.

The remainder of the message instructed the subject to use the light

pen to indicate that he wished to continue or stop. If he continued,

an additional message told him how he could stop at any time.

Subjects were permitted to work on the task until they were

ready to stop or until they had to be stopped for lunch or because

school was over. Upon stopping a message was displayed thanking them

for their participation. Simultaneously, data on their performance

and the nature of their reward was printed on a typewriter at the

front of the van (the proctor's terminal). Subjects were conducted to

the front of the van where they were given their reward, if any. All

subjects were given a data processing card punched with the words

"THANK YOU" and were thanked for their participation. After the

fiftieth subject, and when time permitted, subjects were asked if they

remembered what reward they were to receive, why they worked as

long as they did, why they stopped work, and how hard they thought the

task was.

Data Collection

The following data were collected during the study:

a. Reward Preference Inventory:

Number of times each category was selected

7t3
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b. Arithmetic Pretest:

1. Number of problems solved correctly

2. Number of problems solved incorrectly

3. Number of n (don't know) responses

4. Number of overtimes

5. Nature of response to each item

(correct, incorrect, n, overtime)

c. Task:

1. Number of problems attempted

2. Number solved correctly

3. Number solved incorrectly

4. Number answered with an n

5. Number of overtimes

6. Time spent on the task problems (measured from the

time of display of the first problem of each set

of ten to the entry of the solution to the last of

each set)

7. Response latency for each problem (wicasured from the

display of the character permitting an entry to the

instant the response was entered to the computer),

All data collection was performed automatically by the computer

and was stored in each student's performance record. In addition to

the above, several other items of information were also recorded, such

as the exact response and time of recording. See Chase and Bahn (1968)

for a discussion of the data recording capabilities of the IBM 1500

Instructional System.
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Summary of Experimental Design

The fundamental design included an experimental group in a

3 x 4 factorial with three levels of incentive (two with expected

reward, one control group with no expected reward) and four levels of

PCR. The incentive levels consisted of most preferred and least

preferred reward as assigned by the computer based upon each subject's

RPI profile, and a control group that was administered the RPI but

were not told they would receive a reward.

The number of levels of difficulty was chosen arbitrarily, but

was based upon the compromise between optimizing the discriminability

of th. difficulty index and insuring an adequate number of subjects in

each cell. An obj,ctive of 120 subjects, or ten in each cell, was

established as the minimum number affording reasonable precision. The

design is illustrated in Table 5. The number of subjects obtained

for each cell is indicated.

Table 5

Design of the Experiment

Mean Percent Correct Range

Incentive 98-80 72-54 46-28 20-2

Most Preferred n = 10 n = 13 n = 11 n.= 10

Least Preferred n = 9 n = 14 n = 8 n = 14

Control n = 10 n = 15 n = 11 n = 10

The four levels of difficult' were defined as four ranges of

performance which were maintained by the computer program during
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student operation. Each range centered on a target value for the

percent of correct solutions. The computer continually evaluated the

subject's performance and adjusted the difficulty of the problems to

maintain performance within thn target range selected. These ranges

and their target values were:

Target
Percent
Correct

Range Maintained
(ercent Correct)

1 1 2 - 20
37 28 - 46
63 54 - 72
89 80 - 98

It was decided to omit the top and bottom two percent from the

range as being highly unlikely occurrences. Small unused ranges were

provided between target ranges to insure some discreteness at each

level. The targets and ranges were selected on the basis of the

practical expectations of student performance on a task of this type.

Data Analysis

An unweighted means analysis of variance
2
was used to test the

significance of the following for boti, dependent variables:

1. Difference between means for the four percent correct

ranges

2, Differences between means for the three incentive groups.

3. The interaction between PCR and incentive.

Because the levels of both factors were determined arbitrarily,

it was determined that a fixed effect AOV was the appropriate model.

MIMMIE.1111111M

2
The Pennsylvania State University Computer Center program

ANOVUM (Analysis of Variance of Unweighted Means), prepared by
Nancy Daubert, was used fnr these analyses.
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A trend anal:sis was used to evaluate tile linearity of the

regression of problem difficulty on each dependent variable.

The implications of the results for the various theories under

consideration were determined by inspection of the graphical results.

The major findings expected were the following:

1. A curvilinear relationship Ald be found between task

difficulty and each of the dependent variables at each level of in-

centive. The form of the curve; that might be expected from the

different theories is shown in Figure. 5.

Motivation

Low

High

Difficulty

No

Motivation

a. Yerkes-Dodson and b. Atkinson c. Hunt
Spence-Taylor

Fig. 5; Expected Results-ifw the Different Theoretical
Formulations.

2. The mean solution rate of the most-preferred reward group

would be greater than the mean solution rate of the group receiving the

least-preferred reward. Both would be greater than th4t for the

control group.

3. The mean time spent working on problems by the most-

preferred reward group would be greater than the mean time for the

group receiving the least-preferred reward. Both would be longer than

that for the control group.
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4. An incentive by difficulty interaction would be found.

It was expected that the interaction would be ordinal (no crossover)

if Atkinson's Theory applied, disordinal (crossover) if the Yerkes-

Dodson Law and Spence-Taylor Theory applied.

3
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CHAPTER IV

RESULTS

Results for Main Hypotheses

The following null hypotheses were established for each

dependent variable (Task Time and adjusted Number of Attempts):

1. There is no difference between means for each percent

correct range (PCR).

2. There is no difference between the means for the high

incentive (HI) and low incentive (LI) groups and between the pooled

incentive groups and the control (no incentive - NI) group.

3. There is no interaction between PCR and incentive.

4. The regression of each dependent variable on PCR is

linear.

a. The regression of PCR on each dependent variable at

each level of incentive will be linear.

The fire percent level of significance was selected for tests

of significance of differences between means.

sults for Hnotheses LL and 3. The means, standard

deviations and marginal data for each cell in the 3 x 4 factorial

design are given in Tables 6 and 7. Table 6 con,. 'is Ti.sk Time data;

Table 7 contains the data from the adjusted Number of Attempts. The

analysis of v,-;ano: summary tales used for testing the three

hypotheses for each dependent variable are in Tables 8 and 9. Graphs

of the data are in Fijure 6 and 7. Histograms of the data, to show

the distributions ccntributing to the marginal means, are given in

ett
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Figures 8, 9, 10 and 11. Complete data for each subject, sorted by

cell, is given in Appendix I.

Homogeneity of variance was evaluated with Bartlett's test to

determine if this assumption for the analysis of variance was met.

The assumption of homogeneity was met for the Task Time variables but

was rejected for the adjusted Number of Attempts variable (chi square =

48.6253, p<.001). Thus, results of analyses of the second variable

must be interpreted with great caution.

Hypothesis 1. This hypothesis was concerned with differences

between PCR's. For Task Time, the null hypothesis was not rejected

(r = 2.199, p = .092), but it was rejected for the adjusted

Number of Attempts (F = 36.437. .001). The ..eason for this dif-

ferince can be seen in the tables of means (Tabli: and 7). The mag-

nitude the difference is much greater for the Number of Attempts

than for the Tioe variable, although the trends are similar. Clearly,

subjects worked longer on the easy (high percent correct) problems than

on the other kinds, and worked many more of them. The large difference

in the number worked was probably due to the very simplicity of the

problems. Observation of the students and post-task interviews tended

to support this view: several subjects stated that they really liked

working the simple problems. Furthermore, the very ease with which

they could be worked would lead to the expectation that more easy

problems than hard problems could be worked in a given period of time.

The histogram data (Figures 8, 9, 10 and 11) provide further

support for the observed preference for easy problems. The histograms

indicate a possible linear trend, in contrast witl the means; the modes

for each PCR clearly decrease with an increase in difficulty. A
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somewhat linear relationship between difficulty and persistence would

be expected, but is not reflected in the means, possibly because of

the very large amount of time spent by a small number of subjects on

the moderately hard and hard problems.

Hypothesis 2. Hypothesis 2 was concerned with the efficacy

of the different incentive conditions. The differences for both

dependent variables were clearly not significant (p=.5 for both); the

null hypothesis was not rejected. Due to the lack of significance of

the F tests, the pairwise comparisons were not made. The analysis

indicated that the preference for incentive, or the promise of an

incentive, made no difference in the performance of subjects on a

persistence task in the computer terminal setting.

A review of the marginal means (Tables 6 and 7) and histograms

(Figures 8, 9, 10 and 11) indicates a trend favoring the most preferred

reward. The data show that on the average, subjects spent more time on

the task when they expected to receive their preferred reward, and that

the time spent when they expected their least preferred reward or no

reward was about the same. However, subjects worked about the same

number of problems whether they expected their most preferred or least

preferred rewards, and those expecting a reward worked more problems

on the average than those expecting no reward.

The histogram data (Figures 8, 9, 10 and 11) provide insight

into the differences between the groups. The modes clearly favor the

most preferred reward group. For the Task Time variable, there

appears to be a linear decrease with a decrease in assigned potency of

the reward, which was what was expected. The relatively high mean for

the least preferred reward group appears from the histogram

c-e.. f-
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(Figures 8 and 9) to be due to a small number of subjects who worked

a very large number of problems, but over half the subjects worked be-

tween zero and 49 problems, indicating that the average student did

not find their least preferred reward especially attractive.

Hypothesis 3. This hypothesis stated that there is no inter-

action between PCR and incentive. It was anticipated that an inter-

action would occur and its form would be similar to interactions

predicted by one of the theories discussed. The interactions for both

of the dependent variables failed to reach significance; the null

hypothesis was retained.

A graph of the relationship between PCR and incentive for Task

Time is given in Figure 6; that for the adjusted Number of Attempts

is in Figure 7. To provide comparability with the curves predicted by

the theories, different levels of incentive are plotted against dif-

ficulty.

The curves for the adjusted Number of Attempts appear reason-

able, but there are two unexpected points on the Task Time curves:

Least Preferred-Moderately Hard and No Reward-Hard. The first point

(LP-MH) represents the mean of eight subjects, five with times over

3000 seconds and three with times under 2000 seconds. The second

point (NR-H) represents another small cell of ten subjects, five with

times below 1100 seconds and five with times above 2500 seconds (from

2600 seconds to 6700 seconds), The sharp differences between the high

and low scores for each point are striking, but their validity could

not be challenged.

The resulting curves bear almost no similarity to the predicted

curves and, in fact, indicate almost opposite results. The Task Time
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curves for Most Preferred Reward and No Reward appear to be U-shaped,

the opposite of the inverted U-shaped curves predicted by the theories

of Atkinson and Hunt. The control, or No Reward, group was established

as a specific test of the extrapolation of Hunt's theory to levels of

behavior above that of the infant.

The graph of the interaction for the adjusted Number of

Attempts (Figure 7) appears to resemble the predictions of the Yerkes-

Dodson Law and the Spence-Taylor Theory. However, the curves for high

and low motivation are the reverse of the predicted interaction: for

problems of low difficulty, subjects expecting their least-preferred

reward (low motivation) or no reward attempted more problems than those

expecting the most preferred reward (high motivation). The most pre-

ferred reward group performed at the highest level for problems of the

greatest difficulty. Thus, the results failed to produce a signif-

icant interaction and failed to support any of the theories that were

expected to be applicable to the experimental conditions.

Results of Hypothesis 4. Hypothesis 4 was designed to provide

further statistical evidence with respect to the theories under con-

sideration. It was anticipated that support of Atkinson's and Hunt's

theories should include regressions of PCR on the dependent variables

that would have a dominant quadratic component. The results of a

trend analysis for the curves in Figures 6 and 7 are in Tables 10

through 14, The computation procedures required a modification of the

method suggested by Wirer (1962, p. 274). The normal computational

methods are designed for equal cell sizes. To adjust for the unequal

cells, the product of the harmonic mean of the number of observations
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Table 10

Trend Analysis for Incentive (Pooled Groups) Plotted
Against Difficulty (PCR) Level for the

Dependent Variable of Task Time.
The Graph is in Figure 6.

Component DF Mean Square F Prob.

Linear 1 9567143.1296 3.48 p>.05
Quadratic 1 3971904.5669 1.47 p>.05

Cubic 1 4715206,1741 1.75 p>.05

Error 131 2697553.

Table 11

Trend Analysis for Most Preferred Reward Plotted
Against Difficulty (PCR) Level for the

Dependent Variable of Task Time.
The Graph is in Figure 6.

Component DF Mean Square F Prob.

Linear 1 2604019.2224 <1.0 p>.05

Quadratic 1 283771.8692 <1.0 p>.05

Cubic 1 171.2172 <1.0 p>.05

Error 40 2987047.0258
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Table 12

Trend Analysis for the Least Preferred Reward Plotted
Against Difficulty (PCR) Level for the

Dependent Variable of Task Time.
The Graph is in Figure 6.

Component DF Mean Square F Prob.

Linear 1 7232500.9091 4.30 p<.05
Quadratic 1 438189.0343 <1.0 p>.0S
Cubic 1 8271753.4003 4.92 p<.06

Error 41 1681222.2036

Table 13

Trend Analysis for the No Reward Group Plotted
Against Difficulty (PCR) Level for the

Dependent Variable of Task Time.
The Graph is in Figure 6.

Component DF Mean Square F Prob.

Linear 1 880904.2057 <1.0 p>.05
Quadratic 1 6958724.1349 2.04 p>.05

Cubic 1 703941.0700 <1,0 p>.05

Error 42 341395P.3784

? 9
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Table 14

Trend Analysis for Incentive (Pooled Groups)
Plotted Against Difficulty (PCR) Level
for the Dependent Variable of PCR.

The Graph is in Figure 7.

Component OF Mean Square F Prob.

Linear 1 310720.1102 80.81 p<.01

Quadratic 1 89921.1398 23.39 p<.01

Cubic 1 21689.5055 5.64 p<.05

Error 131 3845.

in the columns (or cells) with the appropriate means was used rather

than the column (or cell) sums for which the formulas were designed.

Computational details and a rationale for the procedure are provided

in Appendix J.

The resulting tables of F-ratios for the linear, quadratic,

and cubic components indicate a large difference between the curves

for the two variables. For the Task Time variable, no statisdcally

significant component was found for the trend of the PCR means pooled

over all levels of incentive, although the linear component approached

significance and was dominant. This lack of significance may be due

to the very large error mean square. Similar results for this

variable were found for the Most Preferred Reward and No Reward group,

although the component associated with the visually apparent shape of

each curve yielded the largest Fe-ratio. For the Least Preferred

Reward group both the linear and cubic components were statistically

significant. However, the test of deviations from linearity yielded
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a nonsignificant F-ratio (F = 2.56, p>.05). Because the form of the

curve is clearly cubic, the data indicates a strong cubic trend within

a primarily linear regression.

The regression of the ANP variable on PCR contains significant

linear, quadratic, and cubic components. The linear component is

dominant. However, the statistical significance of all three forms is

most likely an artifact due to the very high value for the easy pro-

blems. Due to the similarity of the curves, the trends for each level

of incentive were not calculated.

The results of the trend analyses provide further contrary

evidence with respect to the Atkinson and Hunt theories. Except for

the Task Time--No Reward group, the dominant trends were linear. The

curve for Task Time--No Reward group had a dominant quadratic component

but was the reverse of the curves predicted by the two theories.

Because the No Reward condition was specifically established as a test

of the extension of Hunt's Theory to higher order problem solving, the

results are especially damaging.

Summary of results

a. Hypothesis 1. The hypothesis of no difference between

means for each PCR was accepted for the Task Time variable but rejected

for the adjusted Number of Attempts (ANP) variable.

b. Hypothesis 2. The hypothesis of no difference between

incentive group means was accepted for both dependent variables.

Histogram data indicate support for the predicted results.

c. Hypothesis 3. The hypothesis of no interaction between

incentive and PCR was accepted for both dependent variables. Graphical

support was not found for any of the theories under consideration.

103
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d. Hypothesis 4. The hypothesis of linear regression of each

dependent variable on PCR was not rejected for most levels of incen-

tive.
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CHAPTER V

DISCUSSION

Supplementary Analyses

The obtained results were clearly not congruent with the

expectations in most cases. The null hypothesis could be rejected for

only Hypothesis 1, and only for one dependent variable, although the

ether dependent variable exhibited a similar trend. It was apparent

from the data that, although there existed large differences between

marginal Task Time means, (at least 7 minutes, or about 12 percent

between the highest mean and the next highest), the very large within

cells variance resulted in a lack of statistical significance.

Several post hoc analyses were undertaken in an attempt to determine

if this variance was attributable to random variation or if its source

lay elsewhere. These analyses also permitted a further evaluation of

the nature of the relationships between the major variables.

The influence of sex, grade, time of day, class, and reward

kind were evaluated. Due to the process of random assignment to cells,

it was not possible to perform analyses of variance with more than

three variables at a time without creating empty cells. Thus, it was

necessary to test each of these added variables by itself against the

two independent variables. In some cases, even this was not possible,

forcing further division of the analyses. Due to the large number of

analyses performed, the analysis of variance summary tables and graphs

illustrating the data for each analysis are in Appendix K.
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The sex variable. A typical assumption of most research is

that there is no difference oetween the results for males and females.

the null hypothesis of no sex difference was tested in combination

with incentive and PCR using a three-way factorial analysis of vari-

ance for both dependent variables. The A0V summary tables and illus-

trative figures are in Appendix K, Tables 20 and 21, and Figures 15

through 18.

The null hypothesis was not rejected and tne other tests

yielded results identical to those previously reported. The figures

indicate a systematic sex difference however: girls typically per-

formed at a higher level than boys. This difference is dramatically

indicated in Figure 15 in which the means of the girls' times were

consistently eight minutes (400 seconds) or more greater than the boys'

times for each level of incentive. These results are similar to those

typically expected of boys and girls in a school setting, but do not

agree with the typical findings of research in computer assisted

instruction where sex differences are not usually found (e.g.,

Atkinson, 1968).

It is noteworthy that the performance by boys at the different

levels of each variable was more orderly than for girls, especially

at different PCR levels. The reason for this is unclear, but it might

be related to the observed tendency of girls to work as a group or as

buddies. This factor is discussed in greater detail below, but the

abnormally high performance of the girls on moderately hard problems

may be primarily attributable to three girls in the last session who

seemed to be friends, each of whom worked well over an hour.
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The grade variable. The null hypothesis of no difference in

mean performance between grades was tested in a three factor analysis

of variance, with incentive and PCR constituting the other two factors.

The analysis of variance summary tables and illustrative figures are

in Appendix K, Tables 22 and 23, and Figures 18 through 21. Bartlett's

test failed to confirm homogeneity of variance for the ANP variable

(p<.0006), thus, results for this variable should be interpreted with

great caution.

The results indicated that the null hypothesis can not be

rejected. However, several statistically significant interactions

were obtained in addition to the established significant PCR factor

for ANP. The interaction between PCR and grade wis significant for

both dependent variables (for Task Time, F = 3.223, p<.025; for ad-

justed Number of Problems, F = 6.493, p<.001). Nuts of the means for

each grade at different levels of PCR for both dependent variables

yield an almost classic crossover (disordinal) interaction (Figures

18 through 21 in Appendix K). There is a clear difference in the

response by the students at the two grade levels to difficulty of the

content: the persistence of the fifth graders decreased in a linear

fashion with an increase in difficulty on both variables. A test of

this interaction of incentive with pcR for just the fifth grade

yielded a highly significant PCR effect for Task Time (F = 5.483,

p <.'03), Table 24). The fourth grade students showed a marked dip in

the mean amount of time spent on moderately easy problems but spent

about the same mean amount of time on the other three levels. Except

for the very large number of easy problems solved, a similar pattern

is evident for the ANP variable.
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Within the context of the study, it appears that fourth

graders are less sensitive to differences in difficulty than fifth

graders, which was an unexpected finding. To further evaluate this

finding, an analysis of data by classes was conducted and graphed

(Appendix K, Tables 24 through 27, and Figures 22 through 25). The

plot of the pooled fifth grade classes provided confirmation of the

linear trend. Plots of the pooled fourth grade classes also provide

general confirmation of the observed trend. Thus, the results appear

to be reliable for the groups studied.

The analyses of variance for the PCR and incentive variables

within each grade yielded some interesting results. Although the

results for the fourth grade were generally not significant for either

dependent variable (excepting PCR for the ANP variable, which was

expected), the results for the fifth grade produced some unique

significant differences. PCR was highly significant for the Task Time

variable, with a trend similar to that found for the ANP variable (as

noted above). Within the ANP variable, incentive was statistically

significant (F = 3.4, p = .043). A possible trend is evident in the

graph (Appendix K, Figure 23), but any interpretation must be highly

tentative due to the small number of subjects constituting some of

the points. It seems clear that some incentive is better than no

incentive, but it also appears that the attractiveness of the most

preferred reward, with respect to the least preferred reward, increases

with an increase in difficulty. Weak support for this observation is

gained from the PCR by incentive interaction which almlst reaches

significance (F = 2.162, p = .065). A somewhat similar, although less

1C8
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clear result was found for the fourth grade class (Appendix K,

Figures 24 and 25). The combination of these two led to the unexpected

findings in the main analysis.

Several explanations for these findings might be Posited. The

different levels of maturity might have resulted in different percep-

tions of the task. Fifth graders may have recognized that specific

PCR's existed and responded accordingly. Recall that one of the

requirements for the invocation of Atkinson's Theory is the need for

subjects to recognize the probabilities of success. It seems probable

that the fifth grade students perceived these inherent probabiliti:s.

On the other hand, the fourth grade subjects may have failed to per-

ceive the inherent probabilities.

The relative attractiveness of the classroom environment

versus the computer terminals is an important consideration. If

students found the classroom tasks aversive, the relative attractive-

ness of working at a computer terminal would be enhanced, If this

aversion to the classroom was stronger ,n fourth grade students than

in the fifth graders, it could account for the obtained results.

Fourth graders may have preferred doing anything other than being in

class, no matter how difficult the task, while fifth graders experi-

enced a conflict of attraction from both the terminal and the class-

room. In this latter case, the attractiveness of the task itself

would be the factor that would determine the amount of time spent on

the task. Feather (i9g1, 1963) considered the attraction of alter-

native activities to be quite important, but in this chse it was

impossible to measure.

1Q)
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The consistency of results for the limited number of classes

in each grade indicates that some systematic factor is operating, but

the nature of the factor may only be speculated upon. Future research

in this area is clearly indicated.

The time of variable. The time of day during which treat-

ments are administered is frequently considered sufficiently important

that an attempt is made to give all treatments during the same period.

For this study, this control was not feasible. Furthermore, because

of the school schedule, a longer period of time was available during

the morning than during the afternoon.

The null hypothesis that was tested was: there is no difference

between e mean performance of groups performing the task during the

morni g and during the afternoon. To evaluate the contribution of the

Time of Day (TOD) factor to the error variance in the basic analysis,

a three-factor analysis was performed with two dependent variables as

in prior analyses. The analysis of variance summary tables and

illustrative figures are in Appendix K (Tables 28 and 29, and Figures

26 through 29). Bartlett's test was significant for the ANP variable

(p<.0001), indicating caution in the interpretation of the results for

this variable.

The results for the two dependent variables are somewhat

s;milar. The TOD variable is highly significant for Task Time results

(F = 7.564, p = .007) but only approaches significance for the ANP

results (F = 2.971, p = .088). TLe reason can be seen in the graphs

(Figures 26 through 29): the Task Time curves for a.m. and p.m. are

almost parallel, with more time being spent in the morning for all

levels. This may be the consequence of the school schedule that
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provided for three hours of classes in the morning and two hours in

the afternoon. The parallelness of the curves for the morning and

afternoon groups, indicated statistically by low interaction F-ratios,

implies that the relationship between levels of the two major depen-

dents variables was independent of the time of day. However, the TOD

difference may contribute substantially to the error variance of

analyses in which it was not partialled out. Other sources of error

variance are indicated by the lack of significance in the other

variables.

It would be expected that the orderly difference in times

would imply a similar orderly difference in the number of problems

attempted. Generally this was found to be the case. As found in

other analyses the PCR variable was significant, but the TOD variable

failed to reach significance.

The general similarity of results for the morning and after-

noon groups is significant. Students were picked in an essentially

random manner for the time of day. Thus, the two times of day may be

thought of as two replicates of the study. The similarity of these

pseudo replicates yields some confidence in the nature of results

obtained. It would have been desirable to incorporate the TOD vari-

able into the other three-way analyses, but attempts to do this

resulted in several missing cells in all cases.

Reward Preference Inventory, Central to the outcomes for

Hypothesis 2 is the question of the validity of the Reward Preference

Inventory. In actuality, Hypothesis 2 is a test of the validity of
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the RPI, but the assessment of the effectiveness of each potential

incentive is important to determine the underlying reason for the

results.

The mean preferences of students in the fourth and fifth

grades are shown in Table 15. The ranking and magnitude of the pref-

erences is quite similar for both grades. The order of preferences

is identical to that reported by Dunn-Rankin and Shimizu (1968) and by

Cartwright (1968) for several fourth through sixth grade classes.

Although there were large individual deviations, the means represent

the preference values of a very large number of the subjects.

The question of validity can be posed in other ways as supple-

mentary hypotheses to hypothesis 2: 1) for each kind of incentive,

there is no difference in performance whether the incentive is most or

least preferred; and 2) there is no interaction between kind of incen-

tive and preference. The results of analyses of variance (Appendix K,

Tables 30 and 31) indicate that the null hypothesis for each dependent

variable cannot be rejected. The graphs of the interactions

(Appendix K, Figures 30 and 31) are suggestive, although one weakness

with this analysis is the small number of cases represented by several

points (indicated on the graph). This disparity in cell sizes is of

course due to the obtained pattern of preferences. The graphs indicate

that the competitive reward (name placed on a public chart) was the

most effective reward, especially when selected as most preferred. The

small number of subjects receiving this reward indicates that repli-

cation is required before any definite conclusions can be drawn, how-

ever. Adult approval (report card) and consumatory reward (M & M)

seem to be generally equivalent in potency on the average. The
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Table 15

Preferences, by Grade, for
Each Kind of Incentive

Incentive Variable

4th Grade
Means

(N = 81)

5th Grade
Means

(N = 61)

Pooled
Means.
(N = 142)

Adult RPI Score 11.95 12.78 12.31

Approval Number MPR 21.7 24.5 22.8
(Report Number IPR 3.0 4.0 3.4
Card) Number LPR 2.3 2.0 2.2

Competitive RPI Score 7.60 7.66 7.63
(Name on Number MPR 1.0 2.5 1.6

Chart) Number IPR 19.0 22.0 20.2
Number LPR 7.0 6.0 6.6

Consumatory RPI Score 4.46 3.56 4.06
(M & M) Number MPR 4.3 3.5 4.0

Number IPR 4.0 4.5 4.8
Number LPR 17.7 22.5 19.6

Definition of variables:

RPI Score - Mean number of times selected in comparisons
(Maximum = 16)

Number MPR - Number of students for which the reward was the
most preferred.

Number IPR - Number of students for which the reward was the
intermediate in preference.

Number LPR - Number for which the reward was the least
preferred.

reversal in potency of M & M's is surprising. It would be expected

that students who selected consumatory reward as their most preferred

reward would work harder for them than those for which they were least

preferred (the typical case). The finding that this was not the case

requires explanation. Half of those receiving M & M's as their most
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preferred reward were required to solve the most difficult problems,

resulting in an artifactual depression of the mean. It should be

noted that within the low PCR group, those receiving M & M's as their

MPR performed at a higher level than those receiving them as a LPR.

Thus, the data seem to reflect an artifact of random assignment rather

than a true state of affairs.

The small number of subjects receiving a report card as their

LPR affords no confidence in the obtained ordering of the resulting

means, although in this case the cases were evenly distributed, and

included one each from the high, moderately high, and moderately low

PCR. It might be expected that replication will confirm the obtained

order.

The relationships of time of day and sex with the kind of

reward were investigated as part of a search for confounding factors.

One possibility was that there would be a markedly higher demand for

M & M's before lunch than after lunch. Although the TOD variable was

found to be significant with respect to Task Time (F = 5.566, p .02),

there was no mean difference in the number of problems solved to

receive M & M's (see Appendix K, Tables 32 and 33, Figures 32 and 33).

For the sex by reward kind analysis, sex was significant with

respect to Task Time (F = 3.922, p = .05) and almost so with respect

to ANP (F = 3,178, p = .077), See Appendix K, Tables 34 and 35, Ind

Figures 34 and 35,

On the average, girls worked much longer than boys for an A

on their report card, for their name on the chart, and for no reward

at all. There was no sex difference in the time spent working for

M & M's. Roughly the same relationship occurred with respect to ANP,
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although girls worked almost twice as many problems as boys to get

their name on the chart, contributing to a significant kind of

incentive effect (F = 3.138, p = .028). In contrast to the Task Time

results, there was no sex difference for those receiving no reward

(and variable) but girls attempted one fifth more problems to get

M & M's than boys.

The use of a "paper and pencil" instrument (the Reward

Preference Inventory) for the assessment of children's preferences

for rewards may be questioned in that it may be a weak predictor of

the amount of work a child will expend to receive a given reward. A

better technique might be to give a child the opportunity to work for

each reward, then, at a later date, use his performance as a basis for

assigning incentives in an experimental setting. In addition to the

added time involved in such a procedure, there is the added question

of the stability of the effort expended for a specific reward.

Ideally, an instrument is needed that will accurately reflect

a stable hierarchy of preferences for classes of rewards. The

preferences should be highly related to the work expended to achieve

the reward. Such an instrument should be easy to administer. The RPI

has promise of being such an instrument. The prior and present uses

of the RPI (Dunn-Rankin and Schimizu, 1968); Cartwright (1968);

Cartwright, G. P., and Borman (personal communication);

Cartwright, G. P., and Yens; and Cartwright, C. A. (personal commun-

ication) have provided some validation, although the evidence that the

preference results are highly correlated with effort is not as strong

as might be desired. A review of the evidence indicates that a

possible weakness in the research applications of the RPI may have
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been the specific reward used. If all rewards had equal potency, the

evidence of effectiveness might have been more clearcut.

As a result of this evidence, the RPI seemed to be a good way

of obtaining the information needed for evaluating the interaction of

incentive with task difficulty, especially if the attractiveness of

the specific rewards offered could be maximized.

The results from this study have provided limited support for

the validity of the RPI. Generally it was found that students who

were promised their most preferred reward worked longer and attempted

more problems than those promised their least preferred reward. This

seemed to be the case for each of the rewards, although the results

for M & M candies were confounded by special circumstances. The

results were especially dramatic for the competitive reward but the

small number of subjects indicates that replication is required before

any firm conclusions can be drawn.

An informal quiz of students after completion of the task

provided added information concerning the validity of the RPI.

Quizzes were initiated after one quarter of the subjects had been

through the task in order to gain information relating to observations

by the proctors. Questioning of students was conducted only if time

was available and was conducted casually. The questions were concerned

with whether students remembered the reward they were to receive (if

they were actually working for that reward) and why they continued

work after the first nine problems (a means of determining whether the

reward actually performed a motivational function).

J. G
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Thirty five subjects who received a reward were quizzed.

Fourfold contingency tables were constructed for each incentive by

PCR cell as indicated in Table 16 below:

Table 16

Fourfold Contingency Table Indicating Frequency of MPR
Subjects in Each Cell Based upon Recall of Reward

and Persistence with Respect to the Mean

Remembered correct reward?

Yes No

Persistence
(Mean Split)

High

Low

8 3

2 5

The Table clearly indicates that the expected results were obtained

for the sample of MPR students, but an Exact Test was not significant

(based on the tables by Finney, Latscha, Bennett and Hsu, 1963). For

LPR subjects, the cells were essentially balanced, a result that would

be expected if the reward was not especially desirable. These results

provide some further support for the va;idity of the RPI.

It is noteworthy that within the LPR condition those receiving

M & M's almost always remembered the reward; those who did not

remember almost always had the report card or name on chart as the

reward. However, it may be that the informal nature of the ques-

tioning led some students to suspect that they might not get what they

had been promised, thus they preferred to play "dumb." On the other

hand, the periodic encouragement messages displayed on the display

screen were most specific concerning M & M's in that a specific number

were mentioned by each message. It may be that this message was more

1 a
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recallable than the rather general messages provided for the other

incentives. However, the factor of detecting and remembering the

reward appears to be an important one that may not have been adequately

controlled in this study. Future research should more adequately in-

sure that students know for what they are working and test for it

after the students complete work.

The question of the validity of the RP1, a question critical

to the results of the study, has been approached in several different

ways. In each, indications of validity were found, although the

evidence was not conclusive. Perhaps one reason for the lack of

significant differences was the failure of students to remember the

reward they were promised. Obviously, if students do not remember the

reward, it will have no incentive value. Even though attempts were

made to frequently remind students of the reward, it appears that the

attempts were not successful in several cases. As a result, final

determination of the validity of the RP1 must be left to future

research. However, the results of this study do indicate that the RPI

has promise as a means of determining the ranking of it ,,ives in

terms of actual effort that would be expended to attain them.

Additional sources of error. Perhaps one of the most serious

confounding factors was the tendency for students to stay and leave

in small groups. Peer relationships are important at age nine and ten.

Many children this age tend to do things in groups, Due to the

stability of elementary classes, it would be expected that groups

would form within the classroom as well as without. This problem had

not been anticipated, but after observing the performance of several

sets of students it appeared that small groups of students stopped
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work within a short period of time. An attempt was made to counteract

the group effect by seating successive students at alternate sides or

alternate ends of the mobile van. However, even this did not succeed

in stopping group terminations, although it may have reduced the

severity of the problem.

The effects of group behavior on the results are several.

Because each student was randomly assigned to a cell, each member of

each group would most likely have been assigned to a different cell.

Group behavior would tend to reduce differences between cell means

and, in some cases, increase the within cell variance due to arti-

fically induced extremes. Clearly, subjects who worked on a task for

only as long as other members of a group would create a high error

variance. These observations seem to characterize the obtained

results, although the specific magnitude of the contribution of the

"group effect" cannot be determined.

A second source of potential error due to the openness of the

van may have been the process of awarding rewards to subjects as they

finished. Because all operations had to be completed within the van,

it is possible that subjects working on line saw another subject

receive a reward. Or they may have known a classmate who received a

specific reward in a previous session. As a result, some students may

have thought they would receive a specific reward regardless of what

they read on the display screen. An example of this was the response

of one subject whose siblings had previously completed the task. When

asked what reward she was to receive, she asked, " A THANK YOU card?"

when, in reality, she was to receive a report card.

I ;



106

Several other sources of random error variance may have

occurred due to the environment in which the students worked: 1) A

small number of subjects complained of the temperature in the mobile

van and may have stopped work prematurely due to this; 2) in several

cases the elementary students worked concurrently with adults (in-

cluding some teachers) who were taking an inservice course by computer

assisted instruction. For the most part, attempts to segregate

children and adults were successful (generally the students worked on

one side of the van and adults on the other side). In some cases,

however, it was necessary to seat a student between adults. This may

have influenced the child to continue working longer than he would

have without the presence of adults.

One added potential source of error may have also existed.

As was determined by the RPI, adult approval is perceived as highly

desirable by many students. A small number of subjects seemed to seek

the attention of the project staff by asking frequent questions or

looking at a staff member for approval. All questions were answered,

but attempts were made to avoid showing approval or disapproval. How-

ever, the magnitude of implicit approval that subjects may have per-

ceived is unknown, although some may have been influenced by their

perceptions. PiTsumably these last four sources of error were randomly

distributed over all conditions.

Ideally a study of this type should be conducted with subjects

individually or with subjects in individual booths. Terminals were

arrayed on aisles on both sides of the mobile van, so it was impossible

to keep students from seeing what other students were doing. The
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extent of the group effect cannot he measured for the present study,

but it may have been sufficient to markedly reduce the differences

between conditions. Clearly, future studies should attempt to control

for this variable.

Effect of imposed termination of activity

Twenty seven subjects were required to terminate their activity

on the terminal prior to their voluntary completion aL. a result of

lunch or the end of school. The subjects terminated in this way and the

sum for each cell in the primary design are indicated in Appendix I

(see the Force Off column). The number in each cell ranges from one to

four. The marginal cell sums are not evenly distributed across condi-

tions; for the MPR, LPR, and no reward conditions the number of imposed

terminations is six, twelve, and nine respectively. This lack of

balance may have biased the results in favor of the MPR condition. For

the PCR variable the number of force-offs was about the same for all

levels (eight, plus or minus one) except for the Moderately Hard level

(46-28%) which had markedly fewer (three).

The effect of these imposed terminations was evaluated in two

ways. An analysis of variance of the data with force-offs excluded

yielded no difference from that with the data included. A better method

was an analysis of the medians. Because the performance of all but four

of the force -offs was above tnat of the sample mean, a medians analysis

would markedly reduce the bias resulting from the imposed reduction of

performance time. The cell medians, graphs, and median splits for each

dependent variable are in Appendix L.
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The medians data indicate that no changes in the conclusions

are required. The graphs of incentive plotted against PCR are quite

similar to those obtained with the means data (see Figures Ll rod L2).

If anything, they tend to favor the MPR condition more than did the

means data, indicating that the imposed termination of subjects re-

sulted in no significant bias in the results. The means data may have

resulted in a more conservative analysis of the results with respect to

the predicted outcomes.

Correlation studies

Intercorrelations were compute between several ',ariables as a

check on potential sources of vstematic error and as a means of

validating the selected dependent variables.

Influence of ability. The design of the study was constructed

such that mathematical ability should not be a factor in the results.

To check this, correlations were computed between pretest results

(number correct and highest level of problem solved) and other relevant

variables. Very low, nonsignificant, correlations were found between

ability and the dependent variables, indicating that ability was not

related to persistence in the study. A moderate but highly significant

correlation (r = .286, p<.101) was found between the number of pretest

problems solved correctly and a measure of the rate of problem solution

(seconds per problem). This confirms the expected result that students

who performed better on the pretest on the average received more diffi-

cult problems that required more time to solve.

Intercorrelations of dependent variables. The correlation

between the two dependent variables, Task time and adjusted Number of

Problems, was .635, which indicates that they had about 41 percent of

A
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the variance in common. Thus, the two measures are not independent but

may be measures of somewhat different persistence characteristics.

Clearly, the differences in the difficulty of problems inherent in the

ANP variable has no counterpart in the Task Time variable. It is

believed that this correlation, although moderately high, supports the

selection of two dependent variables for analysis.

The use of a computer for data collection permits a variety

of dependent measures to be selected. As a check on the selected

variables, intercorrelations were computed between these and other

available measures; latency of response, number of responses (un-

adjusted), number of correct responses, and a measure of the rate of

response (number of seconds to complete each problem). Table 17 shows

the correlation between these variables.

The high correlations between Task Time and Latency (.950) and

between ANP and the total number of responses (.931) indicate that

either one of each pair could have been used. The high relationship

between ANP and the number of correct answers (r = .963) was sur-

prising, but is probably a reflection of the large number of correct

answers generated by those with the high PCR condition. Rate seemed

to be a measure of components somewhat different from the other

variables. The negative correlations between Rate and measures of the

number of problems solved was to be expected. Obviously, a large number

of problems attempted would imply that they were solved at a rapid rate.

The corresponding low correlations between Rate and time measures

indicates that Rate is primarily influenced by problem difficulty.

Students should be able to solve simple addition problems at a much

hi5her rate than long division problems.
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Table 17

Intercorrelations of Potential and
Selected Dependent Variables

Task
Time ANP Latency GNP

Correct
Answers

Used
ANP .635

Latency .950 .486

Gross No.
of Responses
(GNR) .732 .931 .537

Potential
Correct
answers .485 .963 .336 .870

Rate -.123 -.529 .054 -.549 -.539

Significance Levels, df = 133: p<.001 r>.335

p<.01 r>.220

p<.05 r>.169

Factors in the selection of dependent variables. The moderate

but significant correlation between the number of correct answers and

the time variables is an added indication that students tend to work

longer on easy (high PCR) problems. The low shared variance (between

10 percent and 25 percent) implies that other variables are quite

important to the amount of time spent at a task. With the mass of data

that can be generated by computer based experiments, the selection of

appropriate dependent variables may be difficult. Many factors must

be considered such as the real purpose of the study, the reliability

of the information, and the actual nature of the measures.
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For this study, the following observations were made with

respect to potential dependent variables, although it was realized

that none would be wholly satisfactory.

Task Time, although providing a good measure of persistence,

would also include time spent fooling around or daydreaming (the latter

was not really observed, although the former occurred in a small number

of instances).

Latency would be much like Task Time, but because it would be

purely a measure of the amount of time spent between the generation of

the problem and the response, it might be excessively influenced by

problem difficulty factors and might not accurately reflect the amount

of timP spent at the terminal.

Total number of problems would include the "n's" entered in an

attempt to get a different kind of problem. Measures of the number of

problems attempted would be unduly influenced by the PCR range (as,

indeed, they were).

Adjusted number of problems (ANP - total number of problems

minus the "n" responses) would be biased against subjects doing their

best but simply not knowing how to do some problems and using the "n"

capability. In practice, it was observed that more bias was intro-

duced by those seeking a different kind of problem than by those using

the "n" as an indication of not knowing how to do a problem.

Rate, or time per problem, would also be very sensitive to

problem difficulty, but it also might tend to combine the difficulties

inherent in both the time and number measures.

jC.71 t:
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Based on the above findings, it is believed that the dependent

measures used were the best choices for an evaluation of persistence

in the context used.

Use of Relative Difficulty

One of the innovations of this study was the use of relative

difficulty rather than normative difficulty as a means of assigning

subjects to PCR groups. It was observed that most previous studies

concerned with task difficulty either prespecified the problem content

of each level or manipulated the described difficulty (the percentage

the student was told he should expect to solve) but not the actual

difficulty.

The use of relative difficulty, PCR, seems to have been tech-

nically successful, although the technique of maintaining subjects

within a specific PCR needs improvement. Students generally seem to

have been assigned to the appropriate specific difficulty level based

on their pretest results. This was evaluated by measuring the spread

of difficulty levels encountered by each student. (Recall that there

were 23 levels of difficulty and a subject could be moved up or down

the scale based upon his performance and the restrictions of the PCR

to which he was assigned.) The mean spread was 5.4 levels, which

meant that the average student worked problems at five adjacent levels

during his time on line. Clearly, the adjustment process was active.

This adjustment was necessary because students frequently could per-

form with high consistency at one level (e.g., they would solve

correctly almost all problems at level 6 but fail most of the problems

at level 7). Also, the adjustment process itself contributed to the

number of levels in some cases. Once a student had worked a large

1C.:6
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number of problems, the adjustment reactions occurred slowly but

continued until the student reached the desired success ratio.

Future applications of the PCR technique should have a better

reaction to changes in performance characteristics and might include

a varying mix of problems within each level. It was thought that

random switching between vertical and horizontal format would produce

the required variation, but it was not as successful as might have been

desired. However, these are primarily refinements. The process used

worked quite satisfactorily. Evidence of this is found in the low

correlations between pretest results (a measure of ability) and the

dependent variables (see previous section). It was the purpose of this

technique to eliminate ability as a factor in the results; the data

indicate that this was achieved. Thus, it appears that the procedure

used in this study for assigning and maintaining ranges of difficulty

is a viable technique for conducting research on task difficulty.

Summary and Implications

A summary of findings for the main hypotheses and the supple-

mentary analyses is given in Table 18 (Chapter VII). It was hoped

that the use of computer assisted instruction equipment for research

would permit control over most variables that might confound the

results. Although this may have been successful to some extent, the

previous summary of confounding variables indicates that the effort

was not entirely successful. It appears that the error variance due

to these elements may have been sufficient to mask any real differences

that may have existed between levels of the variables of interest.

This is indicated by the fact that the marginal means and especially

.7
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the histogram data reflect marked differences between groups, generally

in the predicted direction, but these differences failed to reach

statistical significance. However, this is one of the dangers of

conducting studies in the "real world".

One of the surprising findings was the significant inter-

action between grade level and PCR and the fact that when the variance

attributable to differences between grade was partialled out of the

analysis, the incentive by PCR interaction became statistically

significant. It is not known whether this grade effect was unique to

the classes or school where the study was conducted or whether it might

be generalizable to other schools. This can be determined only through

additional research.

The significant differences between groups that worked in the

morning and in the afternoon was not expected but should have been

anticipated. The ranges of times and number of problems attempted were

attenuated at the high end by the need to terminate several students

before they themselves were ready to quit. The number of forced ter-

minations was about the same for both periods (13 in the morning, 14

in the afternoon). How much longer the students would have worked is

unknown. Both of these results occurred because of the desire to con-

duct the study in a somewhat naturalistic environment. However, the

similar curves generated by the morning and afternoon groups instill

some confidence in the results obtained.

Perhaps the greatest surprise was the lack of support for any

of the theories concerned with the interaction of incentive with task

difficulty. A comparison of the obtained graphs for the interaction
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(Figures 6 and 7) with the predicted curves (Chapter III, page70) illus-

trates the magnitude of the divergence between predicted and obtained

results. It appears, in this case, that the "strong inference" tech-

nique failed to discriminate between any of the theories. The use of

a dependent variable that was not directly tied to any of the theories

was admittedly a risk as was the use of elementary school children in

this context. Most research of this type has been done with college

students. The data indicate that in this specific case the theories

do not permit generalization from the specific situations to which they

are tied.

The Yerkes-Dodson Law, Spence-Taylor Theory, and the predictions

based on the theories of Hunt and Hebb all are tied to learning as the

dependent variable. One of the basic assumptions of this study was

that the same motivational elements that contribute to learning speed

would also contribute to persistence and that subjects would respond in

similar ways to both. Tangential supporting evidence bearing on this

question was found by Atkinson and Litwin (1960). They found a very

strong relationship between persistence and performance on a final

examination. A second assumption made with respect to the first two

approaches cited above was that incentive motivation would produce

results similar to the aversive motivations called for or used to test

the Yerkes-Dodson Law or Spence-Taylor Theory.

With respect to the Atkinson Theory it was assumed that high

and low incentive motivation was analogous to the achievement moti-

vation-fear of failure dichotomy, and that the actual assigned prob-

abilities of success on a task would be perceived the same as assigned
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fictitious probabilities of success. The validity of these assumptions

and the implications of the results for each of these approaches will

be discussed separately. These discussions are based on the further

assumption that the obtained results are, in general, replicable.

Yerkes-Dodson Law. Research that has supported the Law has

typically used the dependent variable of the number of trials to learn

an escape from a threatening environment (e.g., shock or lack ofair).

The data from this study indicate that no systematic relationship of the

type predicted by the Yerkes-Dodson Law exists between motivation and

task difficulty with respect to the dependent measures used.

It was also found that for the ANP variable the strongest motivation

(I1PR) yielded the poorest performance on easy tasks but the best per-

formance on the most difficult tasks which is in direct contradiction

tc the Law. The only similarity in results is that performance on the

easy task was superior to that on other levels of difficulty. However,

shock or air deprivation may permit a wider range of motivation than

incentive, but these are obviously not appropriate for humans. This

study supports the results of Fang (1966) and Fantino, Kasdon and

Stringer (1970) in finding no confirmation for the Yerkes-Dodson Law

with low stress motivation. The assumptions made concerning analogies

between experimental variables for this case cannot be considered valid.

Spence-Taylor Theory. This theory is based on the relationship

between anxiety and learning performance. The prediction was simple:

for easy tasks subjects with high motivation would learn faster than

those with low motivation; the results would be reversed for difficult

tasks. Essentially, a disordinal (crossover) interaction was postu-
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lated. Only one significant incentive by PCR interaction was found

(in the grade by incentive by PCR analysis for ANP); the graph of that

interaction was disordinal and precisely the opposite of that predicted

by the Spence-Taylor Theory. The results for the Task Time variable

were less clearcut, but also offered no support to the theory. The

reasons for this lack of confirmation may be several. 1) Anxiety may

operate differently as a motivator than incentive; certainly it can

result in more intense motivation. 2) The predictions of the theory

are based on habit strenghts of competing responses during learning.

This is quite different from persistence. Although generalization of

the theory to non-learning situations did not seem to be ruled out due

to the potential frustration component entering into the difficult

tasks, the results make this assumption questionable. Its validity

must be established by further research. 3) The difference in age

between subjects typically used for the evaluation of the theory and

those used in this study may have been a factor, although the studies

of Palermo, Castaneda, and McCandless (1956) and Castaneda, Palermo,

and McCandless (1956) were done with children and supported the theory.

An evaluation of the data indicated that some evidence con-

cerning learning by subjects can be gained through an analysis of the

changes in difficulty levels experienced by the students. If the

initial placement of students at a specified difficulty level is in

close correspondence with their actual ability level, then it might be

expected that an increase in difficulty level over time would be

indicative of learning or, at least, of an increase in the emergence of

the correct answer as the dominant response in the response hierarchy.
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Portions of the data provide support for the predictions of the

Spence-Taylor theory. For easy problems there was a decrease in diff-

iculty level for two levels of incentive (MPR and LPR), but the

decrease for the low incentive condition (-1.4) was greater than for

the high incentive condition (-0.2). For hard problems there was a

gain in difficulty level for both groups. The gain was larger for the

LPR and no incentive groups (+3.0 and +3.1 respectively) than for the

MPR group (+1.8). The data are in Appendix I. These data are in

accord with the theoretical expectations. However, for the easy pro-

blems the control (no reward) group posted an increase in difficulty

level and the results for the intermediate ranges of difficulty were

mixed. Furthermore, any interpretation of the gains or losses must

assume equal intervals between the difficulty levels if comparisons

are to be made, an assumption that cannot be met in this case. It

appears that future research of this nature might profitably incor-

porate into the design some systematic evaluation of potential

learning variables, but no conclusions or implications can be reason-

ably be drawn from the obtained data.

Atkinson's Theory. Because of the similarity of independent

and dependent variables between those used for this theory and the

present study, it was expected that if any theory received support

it would be that of Atkinson. He uses probability of success as one

independent variable. Feather (1961, 1963) and Maehr and Videbeck

(1968) have successfully used persistence as a dependent variable.

However, the motivational component of the theory, need to achieve

versus need to avoid failure, was not really analogous to the trad-

itional construct of high versus low motivation. The question was
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whether high n Achievement - low n Avoid Failure was analogous to high

motivation and high n Avoid Failure - low n Achievement was analogous

to low motivation for the purpose of the study. The prediction of

inverted U-shaped curves for both high and low motivation was based on

the findings by Atkinson and Litwin (1960).

The resulting U-shaped curves for MPR and no reward (all sub-

jects, Task Time) directly conflict with the recent findings of Maehr

and Videbeck (1968), deCharms and Carpenter (1969), and the general

findings by Maehr and Sjogren (1971). Although they are not in the

predicted direction, they at least maintain the relationship pre-

dicted by Atkinson, convergent at the high and low difficulty ends and

divergent at intermediate levels. The fourth grade Task Time data for

the same levels of incentive tend to support this observation, but the

lack of concurrence by the LPR group and the lack of agreement by the

ANP variable cast doubt on these findings as being truly represent-

ative. However, it is also important to the theory that the students

perceive task performance as an achievement situation. In spite of the

instructions, some subjects may not have perceived it in this way.

Thus, no clear support for Atkinson's theory can be claimed. More

research is needed to clarify the obtained findings.

A critical question concerning Atkinson's theory is whether

subjects perceived the intended level of probability of success

assigned to the problems they worked. Due to the fluctuation of the

kind of problems required to maintain their success rate within a
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specified PCR, it is possible that subjects failed'to detect this

probability. Thus, the obtained data may not have direct bearing

upon the theory as defined by Atkinson.

Hunt's Theory. This study seemed to provide a good opportunity

to evaluate Hunt's theory of intrinsic motivation inherent in an

optimum level of task difficulty. Hebb's (1955) theory of optimum

arousal seems to make similar predictions. The assumption was that

the optimum level for all subjects would be somewhere between very

easy and very hard. The results for the control group indicate that

either this assumption is false, the use of persistence as a depen-

dent measure is not appropriate, or the theories do not apply in this

situation. For fourth grade students, optimum arousal seems to occur

with the very difficult problems, but the very easy problems seem to

provide the optimum arousal for fifth grade students. Thus, the

optimum difficulty level may be more of an individual difference vari-

able than had been anticipated. A possible area for future study may

be the investigation of the stability of this hypothesized individual

difference variable of optimum difficulty over a range of subject

matters, or even within a specific subject area at different times.
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CHAPTER VI

CONCLUSIONS

In spite of the failure to obtain significant differences for

the main hypotheses, it is believed that this study achieved several

of its objectives with respect to elementary school children. Any

generalizations must be restricted to elementary age children and, due

to the nature of the results, generalizations to any group other than

the sample used are tenuous at best. It provided evidence, although

not conclusive evidence, that the preference for a reward can make a

difference in the effort expended to obtain that reward. The Reward

Preference Inventory, as modified, appears to be a reasonably 'fable

indirect means for assessing preferences for reward. Administration

of the RPI, assignment of incentives, maintenance of student per-

fnrmance records, and feedback to the student concerning his progr.!ss

toward the promised reward can be effectively accomplished by the

computer in a computer assisted instruction setting. Report cards and

a name on a public chart seemed to be generally effective as incentives

and M & M candies were effective in some cases. The observation of

Cartwright (1970) seems to still be valid: ". . . research directed

toward establishing predictive validity (of the RPT) across a wide

range of learning situations and for varied groups of individuals is

needed (p. 157)." This study has added one more observation; more

needs to be done.

Individual differences were found to be important in the

assignment of percent ranges of difficulty. Based on the pooled data,



it would appear that easy problems would be the level of choice in the

absence of other information. Although this was clearly true for fifth

grade students, it was not necessarily true 4n the fourth grade.

Fourth graders spent an equivalent amount of time on easy, moderately

hard, and hard problems. Perhaps some students liked the challenge of

difficult problems. In practice, a good strategy might be to allot

the first half hour of a course to a test of this preference for dif-

ficulty. The student would be able to pick ranges of difficulty at

will and work in that range for as long as he desired. At the end of

the allotted period the computer would evaluate the amount of time

spent in each region of difficulty and select future problem dif-

ficulties based on this information and a pretest of entering ability.

Such a process might optimize the interest level of the subject content

for each student. It would probably be advisable to permit the student

to modify his choice of difficulty level from time to time during the

course of the program. Although these suggestions are primarily

directed toward drill and practice applications of CAI in which

immediate knowledge of results and, perhaps, corrective feedback is

provided, the,/ may also be applicable to tutorial materials presented

via CAI. This study has indicated the feasibility of maintaining

control over ranges oi' difficulty. It is felt that such procedures

are practicable in most applications of CAI.

Implications for classroom teachers may also be drawn from the

results of this study. It appears that procedures currently used,

those of adult approval and competition (performance charts and other

such devices) are effective for most students. The question of whether

the obtained results are a reflection of these classroom procedures

136
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cannot be answered, but the implications are the same in any event.

It cannot be denied that there appear to be some students for whom

these procedures are not most effective; perhaps teachers should

assess the preferences of their students and provide rewards for good

performance accordingly. The superiority of the groups receiving easy

problems lends support to the incremental approach to learning.

Increases in task difficulty should be kept small so that the students

continue to perceive the problems as relatively simple, on the average.

Teachers should be aware that individual differences exist in this

area also, but the effect of these differences on learning and per-

formance are, as yet, to be specifically determined.

The results for the interaction of incentive with task dif-

ficulty are unclear. It would appear that the MPR is generally the

most effective motivator, although the one significant interaction

indicated that students generally worked more problems under MPR for

all ranges of difficulty except the easy range for which the LPR was

most effective.

The lack of clear support for any of the theories was some-

what disappointing. It appears that within the context used, theories

concerned with stressful motivation and learning are not transferable

to positive motivation and persistence. However, this should be

varified by developing a learning task which employs control over

difficulty similar to those in this study. The evidence suporting

the Akinson Theory is weak at best; further research focussing

specifically on this theory is indicated. For example, in one

approach, subjects would be specifically informed of the range of

difficulty to which they are assigned. An alternative would be to



specify all ranges available and let the subject choose the range he

prefers at will or after every ten problems. These designs would

insure conditions more like the Atkinson research than the present

study provided.

This specific method was not a profitable means of evaluating

Hunt's Theory. It appears that there are individual differences in

the optimum level of difficulty. The design in which subjects freely

select their level of preference may be a more suitable method for

researching this theory.

As with much research the results of this study have posed

more questions than they have answered and have pointed the way to

further research. Several of these future areas of investigation

have been described above. One additional major question is whether

the differences between fourth and fifth grade students were_ real or

whether they were due to. some Unknown external variables. One major

unknown was the relatiiie attractiveness of the classroom. In

addition, several ofthe other uncontrolled variables, such as the

"group effect" and knowledge of the correct reward, need to be con-
+.4

trolled or manipulated. The study should be replicated with control

of these variables and a means of assessing the relative attractive-

ness of the classroom or potential alternate activities. Because of

the demonstrated effect of anxiety on performance 01 ,e)1c-J of different

difficulty (e.g., O'Neil, Spielberger and Hansen, 1- ), some measure

of anxiety should be obtained and its influence on the results of

studies of this kind evaluated.

The conduct of high risk research such as described herein

has the potential for leading to breakthroughs in learning,

12,8
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motivation, and/or behavioral theory. In most cases, the anticipated

major finding does not occur, but the study leads to many other lines

of profitable research. The use of a computer for research of this

kind permits precise control over some areas but not over others.

However, the computer can record a great deal of information that can

be used for forming future hypotheses. It is hoped that the hypoth-

eses that can be generated from this research lead to more fruitful

discoveries.
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CHAPTER VII

SUMMARY

The motivation of students has been a major concern of pro-

fessional personnel in all fields and levels of education. However,

motivation should not be considered in isolation from the task or

behavior to be performed. Research has shown that there is an inter-

action between the difficulty of the task and the strength of moti-

vational variables. Unfortunately, precision has been lacking in the

specification of the difficulty of a task, a precision that can be

gained through the application of computer control. This study

investigated two aspects of motivation: the use of individual incen-

tives to enhance learning of children and the effect of different

levels of task difficulty on the effectiveness of these individualized

incentives.

Three theories and one empirical law have been developed that

are concerned with the motivation-by-task difficulty interaction: the

theories of Spence-Taylor, Atkinson, and Hunt, and the Law of Yerkes-

Dodson. The existence of these several approaches attests to the

importance of the influence that task difficulty has on the effective-

ness of motivational variables on learning and performance. Yerkes

and Dodson (1908) were the first to describe this relationship. They

found that for a more difficult task, optimum learning occurred at a

lower motivational level than for an easier task. They also found a

curvilinear relationship between intensity of motivation and learning.

All supporting studies have used avoidance motivation.
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Spence (1958) and Taylor (1956) have developed a theory based

on anxiety as a drive variable. Due to the differential effect of

competing response hierarchies, it was predicted that high-drive (high-

anxiety) subjects would perform better than low-drive subjects on easy

tasks, but the reverse would occur for difficult tasks.

Atkinson (1964) has postulated a curvilinear relationship be-

tween task difficulty (defined as probability of success) and perfor-

mance, with the shape of the curve determined by a motivational factor

constituted of the need to achieve and the need to avoid failure. The

theory predicts that subjects with high n Achievement low n Avoid

Failure will perform better if the probability of success is .5 than

if it is 0.0 or 1.0. Subjects with low n Achievement high n Avoid

Failure will perform better if the probability of success is high or

low that they will if it is .5.

Hunt (1961, 1965) has proposed that differences in task dif-
ficulty may create differences in intrinsic motivation. A student may

feel challenged, and be more motivated,by a difficult problem than by

an easy problem.

Supporting and disconfirming evidence has been found for all

approaches except that of Hunt (for which almost no evidence has been

found). Furthermore, these approaches led to conflicting predictions

for the effect of the interacting variables upon task performance.

This study was an attempt to compare all the approaches by using

variables not specifically associated with any one of them. A computer

was used for the control of the experimental environment to provide

maximum control over the task difficulty level and data collection. It
was anticipated that a study of the interaction of incentive as the

111
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motivational variable with well-controlled levels of arithmetic problem

difficulty would satisfy the requirements for the comparison of the

theories. It was anticipated that the results would provide infor-

mation that could be used in the classroom as well as for computer

assisted instruction to individualize the motivational contingencies and

optimize the desire to learn or perform.

The handling of the incentive variable was a critical part of

the study. Studies of the effect of incentives on performance and the

efficacy of different types of incentives have yielded mixed results.

However, the Reward Preference Inventory (RPI) of Dunn-Rankin and

Shimizu (1968) has indicated promise of being a valid instrument for

determining the preference ranking of classes of rewards by children.

A modified version of the RPI was selected as the means for assessing

individual preferences for rewards that would serve as incentives. It

was assumed that a child would perform better if upon completion of the

task, he expected that he would receive a reward that was highly

desirable to him. The modified RPI afforded discrimination between

three classes of rewards: adult approval, competition, and consumable.

Several outcomes were specified for the research: 1) it would

provide evidence that would permit the comparision of the theories

described above with respect to persistence in problem solving; 2)

information on the effectiveness of measuring the preference for

incentive through the medium of computer assisted instruction would be

provided; 3) the effectiveness of individualizing rewards for elemen-

tary school children would be evaluated. It was also anticipated that

the results might provide a basis for developing individualized

,5 0-1
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incentive contingencies for students learning via computer assisted

instruction and would provide information concerning the specification

of optimum individualized levels of difficulty for drill and practice

tasks.

The study was designed as a persistence study due to the

sensitivity of persistence measures to subtle differences in moti-

vation. Two measures of persistence were selected as dependent

variables: Task Time (the actual duration of time spent working on the

task itself) and adjusted Number of Problems attempted (ANP, a measure

of the actual effort expended in terms of the number of problems a

student tried to solve). The independent variables were Incentive and

Task Difficulty. The basic experimental design included a three by

four factorial with three levels of incentive (the promise of the most

preferred or least preferred reward, based on the RPI results, and a

control group that was promised no reward), and four levels of dif-

ficulty (four ranges of percent correct responses [PCR], specifically,

98-80%, 72-54%, 46-28%, and 20-2% correct).

The study was conducted using an IBM 1500 Instructional System

located in a mobile van. One hundred-forty-two fourth and fifth grade

students worked at terminals that contained a keyboard and a cathode

ray tube (CRT) display screen. The students first learned to use the

terminal, then they completed the Reward Preference Inventory and an

arithmetic pretest. Each student was randomly assigned by the computer

to one of the twelve cells of the experiment. The nature of the re-

ward was determined by the cell assignment and the RPI results and was
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displayed to the students prior to work on the task. The three

specific rewards used were a report card with an A grade (adult

approval), name placed on a public list of students who did out-

standing work (competition), and M & M candies (consumable).

The arithmetic persistence task itself consisted of randomly

generated arithmetic problems. Twenty-three different kinds of

problem could be generated by the computer with each kind representing

a different level of difficulty. The initial level of difficulty was

determined by an analysis of the results of the arithmetic pretest

and the assigned cell. After the initial level, the subject's

performance was continuously evaluated and compared with the prescribed

limits for the cell. Deviations from the prescribed limits produced

adjustments in the difficulty level so that problem difficulty was

maintained relative to the individual, an absolute difficulty, rather

than relative to the group which is a normative difficulty. The

student was permitted to work problems until he was ready to stop (in

a few cases, students had to be stopped for lunch or because school

had ended). A message describing the promised reward (or a message

of encouragement if none was promised) and an option to continue work

or stop was displayed after every ten problems. When a student

stopped he was given the promised reward, asked about his attitudes

toward the process, thanked for his participation, and returned to

class.

All experimental conditions were controlled by the computer

and all data were recorded by the computer except for the attitude

data.

1/1
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Four major hypotheses and several supplementary hypotheses

were specified for the study. These are briefly stated in Table 18

with a summary of the results for each hypothesis. Unieighted means

analyses of variance were used to test most hypotheses. The number of

subjects used for the final analyses was 135.

Table 18

Summary of Hypotheses and Results

Hypothesis Results

Main Hypotheses:

Hypothesis 1. There is no dif-
ference between means for each
range of percent correct (PCR);
e.g., between ranges of dif-
ficulty.

Hypothesis 2. There is no dif-
ference between the high and
low incentive groups and
between the pooled incentive
groups and the no incentive
(control) groups.

Hypothesis 3. There is no
interaction between PCR and
incentive.

Hypothesis 4. The regressions
of the pooled and individual
levels of incentive on PCR
will be linear.

Supplementary Hypotheses:

Hypothesis A. There is no dif-
ference due to sex.

For Task Time, no differences
were found. For ANP there
was a significant difference
between the Percent Correct
Ranges(p<.001).

No significant difference was
found for either dependent
variable, but histogram data
indicate some support for the
predicted differences (most
preferred>least preferred>no
incentive).

No interaction was found for
either dependent variable.
Graphical analysis yielded no
support for any of the theories
under consideration.

Linear regressions were dominant
in all cases.

No difference was found for
either dependent variable, but
girls'performance was typically
better than that of boys.
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Table 18 (Continued)

Hypothesis Results

Supplementary Hypotheses
(Continued):

Hypothesis B. There is no
difference due to grade.

Hypothesis C. There is no
difference due to time
of day.

Hypothesis D. There is no
interaction between kind of
incentive and preference
for the incentive.

No difference was found for
either dependent variable,
but several interesting
effects were found:

1. A disordinal interaction
between PCR and grade
was significant for both
dependent variables
(p<.025).

2. For the adjusted Number
of Problems variable
significant interactions
were found between
Incentive and PCR (p = .03)
and between Incentive
and Grade (p<.001), and
significance was approached
-y Incentive (p = .054) and
the Incentive by Grade
interaction (p = .058).

For Task Time, the difference
between morning and afternoon
was significant (p<.01);
students worked longer in the
morning than in the afternoon.
For ANP, the difference was
not significant. For both
dependent variables, curves of
the independent variables
plotted for both times of day
were essentially parallel.

No interaction or differences in
simple effects were found for
either dependent variable.
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Table 18 (Continued)

Hypothesis Results

Supplementary Hypotheses
(Continued):

Hypothesis E. There is no inter-
action between kind of incentive
and the time of day.

Hypothesis F. There is no dif-
ference between kind of in-
centive and sex.

No differences were found.

For ANP, a significant dif-
ference was found between
Kinds of Incentive (p = .028).
The competitive reward
yielded the most problems
attempted for both sexes.

The results generally were not congruent with the expectations.

However, the marginal means and histograms were in the expected

direction for the Incentive variable. It was felt that the lack of

statistical significance was due to the very large error term.

Supplementary analyses tended to support this observation in that time

of day, class, and, to some extent, sex may have confounded the main

analyses. Thus, there is some indication that the promise of a reward

will cause students to work longer on a task in a computer assisted

instruction setting than no promise of a reward, and the promise of a

most preferred reward will be more potent than the promise of a reward

of lesser preference.

The major surprise was the lack of support for any of the

theories of interaction between motivation and task difficulty. No

interaction was found and the curvilinearity predicted by the Atkinson,

Yerkes-Dodson, and Hunt approaches was absent. That curvilinearity
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which was apparent in graphs was the reverse of that predicted. A

reversal (with the ANP variable) was also found with respect to the

Spence-Taylor Theory: for easy problems, the highest motivation

yielded the poorest performance, but this relationship was reversed

for the hard problems. This divergence from the anticipated results

may have been due to the lack of generalization from the specific

variables (independent or dependent) assumed by theoretical formula-

tions, to the differences in the experimental design, the differences

in the medium of the studies, or the differences in the subject

populations. Future research might profitably be oriented toward

employing the incentive-task difficulty paradigm with modifications

to make it more like that required by each individual theory.

One additional surprising finding that emerged from the study

was the significant interaction between grade and PCR. There was a

clear difference in the response to differences in difficulty by the

two grade levels. For the sample used, this seemed to be a reliable

occurance and certainly forms the basis for future research. The

differences may have been due to the relative attractiveness of the

computer terminals and classroom, the perception of difficulty of the

task itself or other unsuspected factors.

The Reward Preference Inventory performed its task of dis-

criminating preferences for rewards reasonably well. This study

provided additional evidence supporting its validity as a research

instrument. The modifications and the specific incentives used seem

to have worked reasonably well. For the report card and the name on

the chart subjects performed better when these were the most, preferred
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reward than when they were preferred least. There was a reversal for

the M & M candies, but this may have been an artifact of the small

number receiving candies as their most preferred reward.

The computer assisted instruction technique seems to be an

excellent method for conducting research of this kind. The desired

control over the major variables was obtained. The random generation

process for producing problems of different kinds worked well and may

be a good method for generating problems for classroom practice.

Further research might be directed toward giving students control of

the difficulty level so that individual differences between students

could be more fully investigated. Several other areas for research

have also emerged from the study. The manipulation of incentives and

task difficulty seems to be a worthwhile topic for research in

anticipation of the future increase in the automation of learning.
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It is recognized that different theorists may define common

terms somewhat differently. For example, "motivation" and 'drive"

are frequently used interchangeable (e.g., Hull, Atkinson and Eysenck)

as constructs that refer to a nonspecific energizing function.

Furthermore, motivation has been defined quite differently by dif-

ferent theorists (see Atkinson, 1964, and Hilgard and Bower, 1966).

For the purpose of this paper, a variable may be thought of as

motivational if: 1) it tends to facilitate of energize responses;

2) its termination or reduction following a new response leads to the

learning of that response; 3) sudden increases in the strength of the

variable lead to the abandonment of several responses in the response

hierarchy; and 4) its effects on behavior cannot be attributed to

other processes such as learning, sensation, innate capacities, or

sets (after Brown, 1961). This study is primarily concerned with the

first of these aspects of motivation.

"Reinforcement" has also been defined in a variety of ways.

A good empirical definition is provided by Kimble (1961): "Reinforce-

ment refers to the occurrence of one of a certain class of events

called reinforcers, in the proper relation to the to-be-learned

response; the proper relation being that which tends to increase the

probability that the response so reinforced will occur with represen-

tation of the situation. The failure to reinforce a response de-

creases the probability of occurrence of the response," (p. 5).

A "reward" is a pleasant stimulus that is a positive rein-

forcer. Cartwright (1970) defines a reward as a stimulus, given to a
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subject after the occurrence of a particular response in a given

situation, which tends to increase the frequency of the response.

"Incentive" is defined as referring to the expectation that a partic-

ular reward will be obtained after behaving in a certain way. How-

ever, a reward may also be given after a sequence of particular

responses.

GLOSSERY OF ABBREVIATIONS

ANP - Adjusted Number of Pr',blems (Dependent Variable)

CAI - Computer Assisted Instruction

GNR - Gross Number of Responses

H - Hard Problem range (20-2% correct)

HI - High Incentive

HiD - High Drive condition

Inc.- Incentive (Independent Variable)

IPR - Intermediate Preference for a Reward

LI - Low Incentive

LoD - Low Drive condition

LP - Least Preferred

LPR - Least Preferred Reward

MAS - Manifest Anxiety Scale

MH - Moderately Hard range (46-28% correct)

MPR - Most Preferred Reward

NI - No Incentive condition

NR - No Reward

PCR - Percent Correct Range (Independent Variable)

RPI - Reward Preference Inventory

TAQ - Test Anxiety Questionnaire

TAS - Test Anxiety Scale

TAT - Thematic Apperception Test

TOD - Time of Day
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REWARD PREFERENCE INVENTORY

Pilot Studies and Modifications

In order to evaluate the usefulness of the RPI in a CAI

environment, a series of pilot studies has been conducted under the

direction of G. P. Cartwright that replicates in a CAI setting the

study by C. Cartwright (1970). The independent variable was the

promise of the most preferred or least preferred reward; the dependent

variables were time spent on a repetitive task of finding 5's and the

number of 5's found.

The first pilot study, with about thirty children aged eight

to ten, led to the following conclusions concerning the use of the RPI

in a CAI environment: 1) it is difficult to operationally provide

effective peer approval or independence rewards; 2) children tend to

forget the reward they were promised; and 3) the operation of a CAI

terminal is, in itself, a strong incentive.

It was found that only a very small number of children

selected the peer approval or independence rewards. An analysis

showed that the rewards actually offered, a certificate to be shown

to a best friend or free play time (which all subjects received anyway)

were not perceived as being equal in value to the other offered

incentives (candy bar, certificate of merit, name on public bulletin

board). No effective way of increasing the value of the least favored

categories has been found and it was not thought desirable to decrease

the value of the others.

In order to strengthen the effect of the RPI, based on the

pilot studies at Penn State, the following modifications were tested

I
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in an additional pilot study: 1) the Peer Approval and Independence

categories were eliminated; 2) additional pairings of examples of the

remaining three categories were included for a new total of 24

pairings; and 3) intermittent statements of encouragement were added

to the task. These encouraging statements have special reference to

the particular reward assigned to the subject and are designed to

remind him of the reward for which he is working.

Preliminary results using this modified method indicate that

it results in a larger difference in the dependent variables between

the most and least preferred reward groups than did the original

procedure.

Text of the Inventory
TAWarisTiTed by Computer
Assisted Instruction)

Suppose you worked hard on an assignment and you think that

you have done a good job. Which one of the two things below would

you most like to have happen?

Teacher gives you a gold star.
Teacher gives you a cookie.

You will use the light pen on the right side of this screen

to answer. If you choose the gold star, press the light pen to the

box besides that sentence. If you would like the cookie best, press

it to the box in front of that sentence. Use the light pen now.

(Subject uses the light pen. Depending upon the response,

the computer would respond:)

Very good, you chose the gold star (cookie).
Now try these.
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(The screen is erased and the following pairs are successively

presented.)

Pretend you have done well in your work.
Which of these would you like?
Point the light pen to it.

1. Teacher writes "100" on your paper.
Be first to finish your work.

2. A candy bar.

Teacher writes "perfect" on your paper.

3. Have your paper put on the bulletin board.
An ice cream cone.

4. Teacher writes "100" on your paper.
A package of bubble gum.

5. Teacher writes "perfect" on your paper.
Be the only one who can answer a question.

6. A package of bubble gum.
Be first to finish your work.

7. Teacher writes "A" on your paper.
Be the only one that can answer a question.

8. Teacher writes "Excellent" on your paper.
An ice cream cone.

9. A candy bar.

Teacher writes "A" on your paper.

10. Have only your paper shown to the class.
Teacher writes '100" on your paper.

11. Teacher writes "Excellent" on your paper.
Be first to finish your work.

12. A candy bar.

Be the only one that can answer a question.

13. Have or7y your paper shown to the class.
Teacher writes "Perfect" on your paper.

14. Be first to finish your work.
A soft drink.

15. An ice cream cone.

Teacher: writes "Perfect" on your paper.

1C3
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16. Te..cher writes "A" on your paper.
have your paper put on the bulletin board.

17. A soft drink.

Teacher writes "100" on your paper.

18. Have only your paper shown to the class.
An ice cream cone.

19. Have your paper put on the bulletin board.
Teacher writes "Excellent" on your paper.

20. Teacher writes "A" on your paper.
A package of bubble gum.

21. Have only your paper shown to the class.
A candy bar.

22. A soft drink.

Teacher writes "Excellent" on your paper.

23. A package of bubble gum.
Be the only one that can answer a question.

24. Have your paper put on the bulletin board.
A soft drink,



I
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DESCRIPTION OF COMPUTER ASSISTED
INSTRUCTION FACILITIES

The Computer Assisted Instruction Laboratory at Penn State has

been in existence since 1964. Since that time the Laboratory has

grown from a staff of four part-time faculty members to a present total

of 65 University employees (faculty, graduate assistants, technicians,

and clerical staff), equivalent to 46 full-time persons.

Quantity and sophistication of equipment has also grown con-

siderably from a single teleprocessing typewriter terminal to a self-

contained CAI system.

In December, 1967, the CAI Laboratory acquired and installed

the first computerized system designed especially for individualized

tutorial instruction--the IBM 1500 Instructional System. This system

is located in rooms 201, 202 and 102 Chambers Building on the main

Penn State campus at University Park, Pennsylvania. The system

consists of 11 instructional stations with cathode-ray tube display,

light pen, typewriter keyboard, image projector, and tape player/

recorder. The computer room equipment, also in 201 Chambers Building,

is comprised of an 1131 central processing unit, 1132 printer, 1442

card reader and punch, 1133 multiplexer control unit, two 2310 disk

storage drives, 1502 station control, four 1518 typewriters, two 2415

tape drives, and 029 keypunch equipment.

The central processor is an IBM 1130 computer with 32,768

sixteen bit words of core storage. In addition to the usual peripheral

equipment, the central processor depends upon five IBM 2311 disk drives

(2,560,000 words) for the storage of usable course information and

operating instructions. Twin magnetic tape drives record the inter-



156

action between the program and the studert for later analysis and

course revision. Core storage cycle time is 3.6 microseconds and read/

write time for disk storage is 27.8 microseconds per word.

Each IBM 1500 student station consists of four optional

display/response devices which may be used individually or in combin-

ation. The central instrument connected to the computer consists of a

cathode-ray tube screen with sixteen horizontal rows and forty vertical

columns for a total of 640 display positions. Information sufficient

to fill the screen is available in microseconds from an internal

random access disk. A light pen device enables the learner to respond

to display letters, figures, and graphics by touching the appropriate

place on the screen. A part of the CRT device is a typewriter-like

keyboard which makes it possible for the learner to construct

responses, have them displayed at any author-desired point on the CRT

screen, and receive rapid feedback in the form of an evaluative

message. Four dictionaries of 128 characters each of the course

author's own design are capable of being used simultaneously. Thus,

utilizing CAI, it would be technically feasible in a mathematics course

to teach by means of four different sets of symbols simultaneously. An

image projector loaded with a 16mm microfilm is capable of holding 1000

images on a single toll and of accessing forty images per second under

program control. An audio play/record device based on four channels

on a 1/4-inch tape permits rapid accessing of audio messages stored

anywhere on the tape. This device is essential for language instruc-

tion and the play/record feature enables the student to compare and

evaluate his production of language sounds with a model provided on the

tape by the course author. An electric typewriter on the system is a
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separate device which enables the student to receive a hard copy of the

interaction or dialogue between himself and the computer. The con-

figuration of the CAI system is shown in Figure 12.

An additional, similar, IBM 1500 system has been installed in

a van. This mobile facility can be moved to any desired location and

be operational within a few hours. All equipment is located in the

van and students work in the van at 14 stations equipped as described

above. The use of this van permits the establishment of a CAI facility

at any location for as long as desired and affords the opportunity to

bring the CAI programs to the desired population rather than requiring

the students to come to one location.

1
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Fig. 12. Configuration of the CAI System

12
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CONTENT OF THE PRETEST ADMINISTERED
BY THE COMPUTER

(display screen text)

Now I am going to find out how many
kinds of arithmetic problems you can do.

I am going to give you some different
kinds of problems to do. Some will be
very easy and some will be very hard.

Some problems you may not have seen
before. You probably will not be able
to answer all of them.

Press the space bar to go on.

(display screen text, page 2)

You will have about a minute to do
each problem, so work as fast as you
can. Solve as many problems as you can.

If there are some answers you do not
know, type an 'n' (find the 'n' on the
keyboard) where the answer would go.

Type and enter the answers like you
did with the TIC-TAC-TOE game. Look
at the printed sheet for the way.

Press (the space bar)

(The display screen is erased and the problems are displayed one
by one. Correct answers are followed by the word RIGHT centered on the
lower part of the screen. Wrong answers are followed by WRONG, n
response.. by the word O.K. Each problem is printed in the format in
which it was presented, and is accompanied by its difficulty level.
Note that there are no levels 1 and 4. Overtimes are followed by SORRY,
TIME'S UP. LET'S GO ON.)

(2) ADD (3) SUBTRACT (5) ADD

37 + 9 = 65 7691
-24 + 5038



(6) DIVIDE

28 4 =

(9) SUBTRACT

8721

-5893

(11) MULTIPLY

64
x77

(7) SUBTRACT

342
-263

(10) ADD

2 3 C23
=E2

(8) MULTIPLY

415
x6

161

To see how to answer this question,
look at pag: 3 of the booklet. Enter
each part of the fraction at a time.

Raise your hand if you want help.
(The booklet indicated the method of
entering the response.)

(12) SUBTRACT (13) DIVIDE

4 2 e23 Remainder
7- 9737

To answer this,
type and enter
the quotient
first, then type
and enter the
remainder.

(14) MULTIPLY (15) DIVIDE (16) SUBTRACT

479 Remainder 7 3 CM
x68 71)897 T 4- =2:2=

(17) ADD (18) MULTIPLY

1

$
223 5 3 ry-AM64. + 2Tr =riZEn x Tty = mg, im

(20) MULTIPLY (21) DIVIDE

4 2 ® 3 , 3 Onk X 37 =mina = on on

(23) SUBTRACT

3 1 123
52.6- lgy=calma

173

(19) SUBTRACT

13 15 E50
=r12JZZI

(22) DIVIDE

8. 1 Go
1- 4- cm
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Fine. That ends the quiz. Some of it
was pretty hard, wasn't it? You should
not have been able to answer all the
questions. Now lets go on to the next
part.
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SAMPLES OF ITEMS AND FLOWCHART
OF ITEM ALALYSIS

Samples of Items

Samples of items at most of the difficulty levels can be found

in Appendix E. Samples from the two levels omitted in Appendix E and

from pretest items that were r,lt representative of the task items are

given below. The number in parenthesis is the level. Presentation

could be vertical or lorizontal (for non-fraction problems), determined

randomly.

(1) ADD

7

+3

(16) ADD

3 7 ma
+ IZ2

(23) SUBTRACT

6 5

(4) ADD

825 + 802

(22) DIVIDE

2 7 PM
6-
3
= 1-

8
=Mtn

178



Flowchart of Item and Difficulty Level Processing

Add 1 to

Problem Counter
(PC = PC + 1)

I--

Randomly generate
an item at the
assigned level of
difficulty (DL)

Calculate answer (CA)
and altemiate forms
of the correct answer

(CB)

Test for vertical or
horizontal display

Display Proble
(measure time)

Student input
or overtime

Answer
Nin time?

Yes

A

atch?
Yes

Yes

Display
options
message

Go to

20
p.166

Ilaipaoe answer
'with CA and CB

I
Increment
overtime
counter by 1

Yes

165

Increment
CA counter

AL------
Increment
"n" counter

4
Increment
error
counter

i79



rDisplay
appropriate
response

Is

the value
of PC even

Yes

Compute ratio of
correct answers to
number of problems
attempted (CA/PC)

>max

Within
Limits

166

Increase diff.
level by 1

(DL = DL + 1)

Is

problem
counter a
multiple of

10 ?

Response

was STOP

Yes

Display periodic
message end the
continuation nption

Cisplay

messa e

Sturient

respo,5e

Print

ref..0 1 ts

Go

to 10
:).165y

lab

EXIT
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APPENDIX G

Methods for Assignment of Subjects to Cells and to the
Initial Difficulty Level

1 81
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METHODS FOR ,...,SIGNMENT OF SUBJECTS TO CELLS AND TO THE

INITIAL DIFFICULTY LEVEL

Cell Assignment
3

Assignment of each subject to one of the twelve cells was

based upon maintaining a count of the number of subjects assigned to

each cell (ni, where i is the cell number) and the maximum number

assigned to any cell (nmax).

Generate a random
number between 1
and 12 inclusive

if the
value in the
cell (n.) is
less than

nmax

True

False

Increment cell
value by 1
(n1 = n. + 1)

Set counters associated
with t.is cell for
selection of difficulty
level and luassage
selection

IncreaJe n
max

by 1:
n
max

= nmax +1

1-----

Look at next

higher cell
(i =i +1,

goc,s to
., )

3
The process used was initially developed by Dr. Karl G. Borman

of the Computer Assisted Instruction Laboratory, The Pennsylvania State
University, and was modified by the author.

its J
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Assignment of Difficulty Level

The initial difficulty level (IDL) assigned to students

depended upon the cell to which he was assigned (C1 = 98 - 80%,

C2 = 72 - 54%, C3 = 46 - 28%, and C4 = 20 - 2% correct), the number

of pretest problems solved correctly (PSUM), and the highest level of

correctly answered pretest problem (PMAX).

If (PMAX - 2) is less than or equal to PSUM, then for

Cl, IDL = PSUM - 3
C2, IDL = PSUM
C3, IDL = PSUM + 1
C4, IDL = PSUM + 3

If (PMAX - 2) is greater than PSUM, then for

Cl, IDL = PSUM - 2
C2, IDL = PSUM
C3, IDL = PMAX + 1
C4, IDL = PMAX + 2

For example, if the number correct on the pretest was 5 and

the highest level solved was 6, for a subject assigned .0 cell C3 the

initial difficulty level would be set at 6 (5 + 1).

If PSUM was 8 and PMAY 'vas 12, for cell C4 the ICL would b:-! 14.
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Typical Progress of a Selvrted Subject
on the Task Protlems
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TYPICAL PROGRESS OF A SELECTED SUBJECT
ON THE TASK PROBLEMS

171

Subject Number 36 is a typical subject. This subject was

assigned to cell 32 (No Reward, Moderately Easy Problems [PCR

72 - 54%]). The specific complete data on the subject can be found

on p. 184. The subject worked i n the morning, starting the task

problem at 9:34 and stopping at 10:37.

In the table below, the difficulty level, nature of response,

and running percent correct (number correct/number attempted x 100) are

given. Figure 13 is a graphical representation of the changes in

difficulty level.

lable 19

Performance on Task Problems by a
Typical Subject

Problem
Number

Difficulty
Level

Kind of
Response Percent

1 14 ca 100
2 14 dA 66
3 14 ca 75
4 14 of 50
5 14 ca 66
6 14 ca 71

7 14 ca 75
8
cJ

15

15

n

n

66
60

(message - continue)
10 15 ca 63
11 15 n 58
12 15 n 53
13 15 of 50
14 14 ca 53
15 14 wa 50
16 13 wa 47
17 13 n 44
18 12 ca 47
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Table 19 (Continued)

Problem
Number

Difficulty
Level

Kind of
Response Percent

19 12 ca 50

(message continue)
20 11 ca 52

21 11 ca 54

22 10 wa 52

23 10 ca 54

24 9 ca 56

25 9 ca 57

26 9 ca 59

27 9 ca 60
28 9 ca 62
29 9 ca 63

(message continue)
30 9 ca 64
31 9 ca 65

32 9 wa 63
33 9 ca V,

34 9 n E2

35 9 ca 63
36 9 ca 64
.7
...

9

9

ca

ca
65
66

39 9 ca 67
(message continua)

40 9 ca 68
41 9 wa 66
42 9 ca 67
43 9 ca 68
44 9 ca 68
45 9 ca 69
46 9 ca 70

47 9 ca 70

48 9 wa 69

49
,

9

(message - continue)
ca 70

50 9 ca 70
51 9 we. 69

51 9 ca 69
53 9 ca 70
54 9 of 69
55 9 ca 69
56 9 ca 70

57 9 ca 70
58 9 ca 71

59 9 wa 70

)
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Table 19 (Continued)

Problem
Number

Difficulty
Level

Kind of
Response Percent

(message - continue)
60 9 ca 70

61 9 ca 70

62 9 ca 71

63 9 ca 71

64 9 ca 72

65 9 ca 72

66 10 ca 73

67 10 ca 73

68 11 ca 73

69 11 ca 74

(message - continue)
70 12 ca 74

71 12 wa 73
72 13 ca 73

',3 13 ot 72

71 14 ca 73

75 14 wa 72

76 15 n /1

77 1'1 of 70
78 1-) ca 70
79 15I" n 70

(message - continue)
'i0 15 x

( message - stop)

Meaning of Kind of Response Codes

ca = correct answer
wa = wrong answer
n = n entered (does not know how to solve)

ot = overtime; response not entered in time
x = ;top option

Note that for the PCR range 72 - 54% a resulting net percent

of 54 or less resulted in a decrease of difficulty level (easier

problems) and a net percent of 72 or higher resulted in harder problems.

187
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APPENDIX I

Data for All Subjects Used in the
Analysis, by Cells
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DATA FOR ALL SUBJECTS USED IN THE
ANALYSIS, BY CELLS

Explanation of Variables and
Levels on the Data C is
From to TiTtT-----

Subj. No.: Assigned in chronological order

Rewd. Lvl.: Reward, or incentive, level (Independent Variable)

1 = Most Preferred

2 = cast Preferred

3 = None

Diff.: Difficulty, or Percent Correct Range (PCR, Independent Var.)

1 = Easy (98-80% correct)

2 = Moderately Easy (72-54%)

3 . Moderately Hard (46-28%)

4 = Hard (20-2%)

Sex:

1 = Male

2 = Female

Teach: Teacher

t = Miss M. (5th grade)

2 , Mrs. S. (4th grade)

3 = Mrs. A. (5th grade)

4 = Mr. M. (4th grade)

5 = Mrs. B. (4th grade)

Grade:

1 . 4th

2 = 5th

120
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TOD (Time of Day):

1 = a.m.

2 = p.m.

Rewd. Type (Kind of reward):

1 = Report card

2 = Lame posted on chart

3 = M & M's

4 = None

Pref. (Preference)

Preference Value of the reward promised the subject - the
number of times the category was selected during the Reward
Preference Inventory.

Pretest:

ca: Number of pretest problems solved correctly.

Last: Difficulty level of the last pretest question solved
correctly (the most difficult, since the test was constructed
of problems in ascending order of difficulty).

Task and Performance Measures:

Start: Difficulty level of the first assigned problem.

Stop: Difficulty level of the last attempted problem.

Att: Number of problems attempted.

Ca: Number of problems answered correctly.

Wa: Number of wrong answer responses.

To: Number of overtimes (response time was restricted).

N: Number of problems answered with an "rtu to indicate that
S cannot do it.

Gross Percent: Overall percent of problems answered correctly.

Last Percent: Percent of the last ten problems answered
correctly (a test of performance just prior to stopping).



TTime: Time spent working on the task only (Dependent
Variable). (Time for reading reward messages and selecting
continue/stop response is not included.) Recorded in
seconds.

Latency: Summation of time spent making each response to a
problem, measured from the time the problem is displayed until
the entry of the response on the keyboard is completed (or the
student goes overtime). Recorded in seconds.

Sec/Prob: Mean number of seconds required for each problem
Mime divided by number of problems attempted).

ATT-N: Number of problems attempted adjusted by subtracting
the value for N (Dependent Variable).

Diff. Lvls. (Difficulty Levels):

#: Total number of changes in difficulty level during the
task due to adjustment for maintenance of the prescribed error
rate.

Range: The spread between and including the highest and lowest
difficulty level encountered.

Force off:

Binary indication of whether the student terminated by himself
(0) or whether he was asked to stop due to lunch or the end of
school (1).

Validity: Arbitrary index of the validity of a subject's data.

1 = Minor discrepancy between a performance parameter and
the actual performance; e.g., student was supposed to work in
the 28-46% range but showed a 10% rate for the last 10
problems. Data acceptable.

2 = More serious discrepancy but data still usable. Example:
a difference of more than 30% between assigned error rate and
rate for last ten problems.
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RATIONALE FOR MODIFICATION OF TREND ANALYSIS

COMPUTATION PROCEDURE

Because the curves of interest were the mean and the individual

levels of incentive plotted over task difficulty, the method of

orthogonal components for a one way design recommended by Winer (1962,

p. 70-77) was selected for the tests of trend. However, this procedure

failed to adequately account for the cell size variations found in the

results. Because there were only four points in each curve and because

of the use of column sums as the multiplier for the orthogonal co-

efficients, it was anticipated that the variations in cell sizes would

unduly influence the results.

The harmonic mean is used for the calculation of the unweighted

means analysis of variance. It was decided that the same assumptions

that led to the selection of the unweighted means AOV (equal population

sizes) would be applicable to the trend analysis. To implement this,

the formulas provided by Winer (1962, p. 73) were modified to permit

the use of the harmonic mean of marginal cell frequencies.

For equal cell sizes, the mean square for each component is

computed using the variable C which is the sum of the products of the

orthogonal coefficients and the column sums:

C = E T.c.
j

The variable D utilizes the number of observations for each

column multiplier.

To adjust for unequal celi sizes, the following was done:

adjustment for the column sums was made by using the product of the

column means (Ti) and the harmonic means of column cell frequencies

(W
h
) rather than the column sum. Thus, C = En Tc n ETc .hjj h jj
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For the calculation of D, the harmonic mean of the column cell fre-

quencies replaced the simple number of obervations.

The error mean square used for computing the component F ratios

was that for the unweighted means analysis of variance performed for

the data subjected to trend analysis.
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APPENDIX K

Analysis of Variance Summary Tables and
Graphs of the Supplementary Analyses
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